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Summary

This thesis explores the hypothesis that a cytokine mediated immune response 

modulates the human immune response to infection. Attenuation of this cytokine response 

may increase the risk o f infection and sepsis in humans.

Using the technique of quantitative real-time polymerase chain reaction (qRT-PCR), 

gene expression, at a messenger RNA level (mRNA), was assayed for a number of genes 

intimately involved in coordinating the immune response to infection. Protein levels were 

assayed using an enzyme linked immunosorbant assay technique and leukocyte cell surface 

receptor expression was assayed by flow cytometry. We examined in-vitro stimulation of 

peripheral blood leukocytes (PBLs) as a further assessment of the functionality of these 

aberrant cytokine patterns.

Two studies were performed. The first study involved three patient groups which 

consisted of 60 intensive care unit patients with severe sepsis or septic shock (ICU group); 15 

patients, from the general hospital wards, with a microbiologically confirmed gram-negative 

bacteremia and no organ failure or signs of an impending septic crisis (bacteraemia group); 

10 healthy staff members (control group). The second study recruited 60 patients at the time 

of lung resection surgery. As a significant proportion of thoracic surgery patients develop 

pneumonia within the first week after surgery, this study provided the opportunity to 

chronicle the cytokine gene expression response to infection in humans. Indeed thoracic 

surgery provides a unique model of the onset of infection in humans after surgery and thus 

provides a context to explore the patterns o f cytokine expression that precede the onset of 

infection.

We confirmed that IFN-y and IL-23 gene expression were down regulated in sepsis 

compared to healthy controls and that IL-27 gene expression was elevated in sepsis 

compared to healthy controls. We investigated whether the link between IL-23 gene
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expression and the occurrence o f sepsis in humans was in turn related to IL-17 expression. 

As IL-17 gene expression was undetectable in peripheral blood leukocytes, it is unlikely that 

the effects o f IL-23 in PBLs, is mediated through the IL-17 pathway.

We observed that cytokines o f the y chain cytokine family may have a role in the 

early stages o f the human immune response to infection and sepsis. O f these cytokines, IL-2 

gene expression was lower in bacteraemia patients compared with controls, and lower still in 

patients with sepsis; IL-7 gene expression was similar in control and bacteraemic patients, 

but was lower in patients with sepsis.

In the thoracic surgery study patients we found reduced IL-2, IL-7, IL-23 and TNFa 

gene expression evident immediately after surgery in the group o f patients that subsequently 

developed pneumonia. Interestingly, IFN-y gene expression was decreased in patients who 

developed pneumonia, but only several days after surgery. There was no relation between the 

occurrence o f pneumonia and IL-27 or IL-10 gene expression.

This data indicates a link between deficient IL-2 and IL-7 gene expression and the 

occurrence o f infection in the first instance and the onset o f sepsis in patients with infection.
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Overview

Patients with infection may develop a life threatening illness, termed severe sepsis or 

alternatively eradicate the infection and recover relatively unscathed. Sepsis, a maladaptive 

inflammatory response to infection, may induce progressive organ failure, necessitating 

intensive care for support o f failing organs and is associated with a mortality of 

approximately 30% [Angus et al 2001, Angus et al 2006],

Severe sepsis and septic shock are major public health issues in Western society, with 

approximately 2 per 1000 o f the population developing sepsis annually. It is estimated that 

sepsis accounts for 60% o f an ICU budget, with as many as 25% of the patient population in 

ICU diagnosed with severe sepsis [van Gestal et al 2004]. Currently, the pathophysiology o f 

sepsis and infection in humans is unclear. Consequently there has been little progress in 

improving the outcome o f patients with severe sepsis in the last few decades.

As there is such a broad spectrum of response to ini'ection in humans, sepsis studies 

that include patients with infection but without sepsis may help elucidate some aspects of 

sepsis pathophysiology. While sepsis is generally regarded as a disorder o f inflammation, 

attenuation o f the immune response is also a significant component o f  the sepsis syndrome. 

In humans innate and adaptive immunity are regulated by mononuclear cells in the peripheral 

blood, and the immune responsiveness o f these cells is reflected by expression o f a small 

number o f  cytokines.

The studies in this thesis examine gene expression o f key effector cytokines in 

peripheral blood mononuclear cells o f patients with infection and with sepsis
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Clinical Sepsis Deflnitions

The American College o f  Chest Physicians/Society o f  Critical Care Medicine 

consensus conference met in 1991 with the primary aim o f  agreeing on a set o f  definitions 

that are applicable to patients with sepsis and all o f  its consequences. This consensus 

conference produced the definitions that characterise the clinical syndrome o f  sepsis. 

Standardisation o f  the definitions involved has helped to remove misperceptions, facilitated 

communication for research conducted in different centers and allows for direct comparisons 

o f  patient groups [Bone et a l 1992].

The systemic inflammatory response syndrome (SIRS) is a clinical syndrome 

observed following a wide range o f  insults and includes more than one o f  the following  

clinical manifestations:

1) body temperature >38°C or <36°C

2) heart rate o f  >90 beats/minute

3) tachypnea, manifested by a respiratory rate >20 breaths/minute or

hyperventilation, indicated by a partial pressure o f  CO2 (PaC02)<4.3kPa

4) White Blood Cell count (WCC) >12000 cells/mm^, <4000/mm^, or the 

presence o f  >10% immature neutrophils.

These markers relate to an acute change in an otherwise normal patient, occurring in 

the absence o f  mitigating circumstances that would otherwise explain such changes 

e.g.chemotherapy-induced neutropenia or leukopenia, tachycardia secondary to pain, or 

tachypnea secondary to a primary lung disorder such as a pulmonary fibrosis.

When this SIRS response occurs in response to confirmed infection, the term 

Sepsis is used. Clinically the Sepsis syndrome presents as an illness with certain common 

manifestations but with a wide range o f  severity. The consensus conference attempted to
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identify som e clearly defined points along this continuum , with Severe Sepsis and Septic 

Shock regarded as the m ost clinically relevant endpoints.

Severe sepsis was defined as sepsis in com bination with organ dysfunction, 

hypoperfusion or hypotension. H ypoperfusion and perfusion abnorm alities m ay include, but 

are not lim ited to, lactic acidosis, oliguria and an acute alteration o f  mental status.

Septic Shock was defined as hypotension refractory to fluid resuscitation.

Infection is a m icrobiological phenom enon whereby an inflam m atory response is 

initiated by the presence o f  m icro-organism s in a norm ally sterile site in a host. Infection 

after surgery is com m on, w ith post-operative pneum onia being a significant cause o f  

perioperative m ortality and m orbidity. Bacteraem ia is often seen in infection and is defined 

as the docum ented presence o f  live, viable bacteria in the blood (either gram -negative or 

gram -positive bacteria). Patients may have a bacteraem ia in the absence o f  sepsis, or more 

often are septic w ith infection but without bacteraem ia

Severe sepsis is defined as sepsis in com bination with organ dysfunction. Such 

dysfunction should be view ed as a continuum o f  change over tim e and is a dynam ic process. 

Presently there are no criteria that are universally applicable in quantifying individual organ 

dysfunction. The follow ing is a representative set o f  criteria o f  organ dysfunction that have 

been used in previous epidem iological studies [van Gestal et al 2004].

C ardiovascular system  dysfunction can be defined as a systolic blood pressure 

<90m m  H g or m ean arterial pressure <60mm Hg or a reduction in blood pressure o f  m ore 

than 40m m H g from  baseline m easurem ents, in the absence o f  other causes for hypotension, 

despite adequate fluid resuscitation, or as the need to adm inister vasopressor or inotropic 

support, in order to m aintain systolic blood pressure >90m m  Hg or m ean arterial pressure 

>60m m  Hg.
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Renal dysfunction may be defined as urine output less than 0.5ml/kg/hour for at least 

one hour, despite adequate fluid resuscitation, or a concentration of serum creatinine 

increases above greater than 177 |j,mol/l that is not attributable to chronic renal failure.

Respiratory system dysfunction is defined as a Pa02/Fi02 ratio less than 26.6 in the 

presence o f a respiratory infection, or less than 33.2 if the source of infection is not 

pulmonary.

Central Nervous System (CNS) dysfunction is defined as an acute deterioration o f the 

neurological status, in the absence o f the administration of sedation or the presence o f CNS 

disease.

Haematological dysfunction is defined as a platelet count < 80,000 or a decrease by 

50% in the 2 days preceding admission.

Metabolic dysfunction is defined as metabolic acidosis (pH < 7.30 or base deficit > 5 

mmol/1) in association with a plasma lactate level > 3 mmol/1.

Hepatic dysfunction is defined as a serum Bilirubin concentration greater than 43 

)imol/l, or alanine aminotransferase (ALT) levels greater than 50 lU; an International 

Normalised Ratio (INR) or the Activated Prothrombin Time (APTT) greater than 1.5 times 

normal in the absence of systemic anticoagulants.

Septic Shock is defined as a subset o f severe sepsis where cardiovascular dysfunction 

and metabolic dysfunction persist despite adequate fluid resuscitation [Bone et al 1992].
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Sepsis Epidemiology

There is wide variation in reported incidence and mortality rates o f sepsis. The largest 

and most recent study o f the epidemiology o f severe sepsis in the US estimated that the 

annual incidence was 2-3 per 1000 population [Angus et al 2001, Ferreira et al 2011], 

European estimates are lower at 0.54 cases per 1000 population [van Gestal et al 2004]. In a 

recent German study, the reported incidence o f sepsis ranged from 0.51 to 3 per 1000 

population [Engel et al 2007]. The incidence varies with age. Sepsis incidence is higher in 

infants (5.3 per 1000 in the < 1 year olds), decreases sharply in older children (0.2 per 1000 

in the 5-14 age group) and tends to increase slowly in adulthood (5.3 per 1000 in 60-64 age 

group), then increases sharply in the very elderly age group (older than 85 years) (26.2 per 

1000) [Angus et al 2001, Ferreira e/ a/ 2011 ].

The epidemiology is similar in both males and females. Caucasians have the lowest 

rates o f sepsis. Black men have the highest rate o f sepsis, the youngest age o f onset and the 

highest mortality [Angus et al 2001, van Gestal et al 2004, Ferreira et a / 2011],

The cost o f treatment o f sepsis was estimated in 2001 to be $17 billion annually in the 

United States alone, with the average cost per patient estimated at $22,100 with greater costs 

in non-survivors. These costs increase in proportion to the severity o f organ failure [Angus et 

a i im i

The predominant causative organisms reported were gram-positive organisms, which 

accounted for approximately 50% of sepsis cases in the US from 1979 to 2000, with gram- 

negative accounting for 38%. Polymicrobial infections account for 5%, anaerobes 1%, and 

fungi 5%. Interestingly, the greatest relative change in incidence is observed with gram- 

positive infection, with an average increase o f  26% per year. The commonest source o f 

infection is the respiratory tract followed by the abdominal cavity [Angus et al 2001, Angus
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et al 2006], This pattern was confirmed in a European study where a respiratory source was 

observed in 47% o f patients followed by an abdominal source in 34% [van Gestal et al 

2004], In patients with organ failure the commonest organ failure is the respiratory system 

(90%) followed by the cardiovascular system (72%>) [van Gestal et al 2004].

Sepsis mortality ranges from 38% [Finfer et al 2004] to 59%  [Brun-Buisson et al 

1995]. This wide variance in mortality rates is in part a reflection o f the differences in case 

mix and the complex heterogeneity o f  sepsis [Angus et al 2001; Martin et al 2003, Ferreira et 

al 2011], There is an association between increasing mortality rates and an increase in the 

number o f failing organs, advancing age and admission to the ICU. Angus et al found a 3 

fold increase in mortality, when comparing children with those aged 85 and above.

Severe sepsis is the second leading cause o f death in noncardiac ICUs [Parillo et al 

1990] and the l l ‘̂  leading cause o f  mortality overall in the US [Murphy et al 2012], The 

incidence o f sepsis is gradually increasing. With an increasingly aging population it is 

estimated that the number o f cases will increase at the rate o f 1.5% per annum in the US, 

outstripping the anticipated population growth [Angus et al 2001].

The mortality rate associated with sepsis has remained almost constant, with only 

minimal decrease despite decades o f research into potential therapies. This relatively minor 

reduction in mortality can to a certain extent be attributed to incremental improvement in 

supportive care o f patients with multiple organ failure in the absence o f a disease modifying 

therapy. While the insight to the immunologic and biochemical pathways involved in sepsis 

has increased significantly, a substantial proportion o f this data emanates from in vitro 

studies o f non primary cell lines, or animal models o f sepsis, with relatively little data 

examining immune response to sepsis and infection o f specific cells o f the immune system in 

humans [Bone et al 1992, Fink et al 1990, O ’Reilly et al 1999, Brahmamdam et al 2009, 

Silasi-Manset et al 2010].
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Overview of the pathophysiology of sepsis

Inflammation in humans is the process by which the body responds to injurious 

stimuli. Cytokines and chemokines play a key role in regulating this response. Inflammation 

in response to bacterial infection is a component o f the immune response and aims to 

enhance the bactericidal response o f the host, in order to eradicate infection.

Cytokines are proteins, secreted by numerous cell types, which act as signaling 

molecules in the inflammatory and immune process. They differ from endocrine hormones 

by acting in a paracrine or autocrine manner [Gol-Winkler et al 1986, Henderson et al 1996]. 

Chemokines, or chemotactic cytokines, are structurally homologous cytokines that stimulate 

leukocyte movement and regulate migration from blood into body tissues.

Conventionally the pathophysiology o f sepsis was thought to comprise an 

exaggerated host inflammatory response which, when uncontrolled, damages host tissues 

[Bone et al 1992; Stone et al 1994; Warren et al 1997, Hotchkiss et al 2003]. This 

interpretation has been principally drawn from animal models o f sepsis, where the inciting 

stimuli o f sepsis include lipopolysaccharide, endotoxin and live bacteria. However the 

response induced by a challenge o f this nature may not accurately reflect the disease 

observed in human sepsis [Dietch et al 1998, Fink et al 1990, O ’Reilly et al 1999]. For 

example animals challenged with lipopolysaccharide and or endotoxin exhibit a marked pro- 

inflammatory response, with levels o f circulating cytokines exponentially higher than found 

in humans with sepsis. Interventions designed to block this putative exaggerated 

inflammatory response resulted in increased survival o f these animal models [Deitch et al 

1998, Fink et al 1990, O ’Reilly et al 1999, Fei et al 2011, Chow et al 2011]. However, when 

mediators o f inflammation are blocked in humans, such as with Tumor Necrosis Factor a 

(TNFa) blockade shown by Fisher et al 1990, patients with sepsis have a higher mortality.
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Animal sepsis models have limitations and the limitations o f these studies may 

preclude any meaningful extrapolation o f these results to an intervention in patients.

For example, there is a marked divergence in the response observed when either 

endotoxin or live bacteria are used as challenges to the trigger an inflammatory response. In 

murine gene knockout models, loss o f TNFa protects animals challenged with endotoxin. 

However in the same murine model, challenge with live bacteria produces the opposite 

outcome, with wild type mice surviving the challenge with live infection while TNFa gene 

knockout mice die [dDharmana et al 2002]. In addition, animals stimulated with endotoxin 

and lipopolysaccharide demonstrate an acute pro-inflammatory response, the intensity o f 

which directly relates to mortality. Interventions that blocked the resultant pro-inflammatory 

mediators, such as TNFa resulted in increased survival in these animal models [Fink et al 

1990], Indeed, the number and diversity o f animal models o f sepsis is o f itself testimony to 

the lack o f any individual animal model that replicates the human immunological and 

inflammatory state in sepsis. Lastly, and o f great clinical importance, it is difficult to 

replicate infection in the absence o f sepsis in animal models, and this is a very common 

occurrence in humans.

A number o f clinical trials in which the pro-intlammatory cytokine response in sepsis 

is blocked or antagonised have been conducted with similarly unsatisfactory results 

[Abraham et al 1997, Fischer et al 1996, Fischer et al 1993]. The quintessential pro- 

inflammatory cytokine, TNFa has been targeted in a number o f these trials. In these studies 

there was no improvement in outcome. Each o f these trials was based on the hypothesis that 

a pro-intlammatory response to infection is detrimental and is responsible for increased 

mortality in these patients. The failure o f  these therapies to demonstrate a benefit undermines 

this hypothesis.
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Apart from the intraspecies difference, that may preclude meaningful extrapolation of 

hypotheses generated in animals to the human disease, there are genetic differences between 

humans which may invalidate any extrapolation o f  data from animal experiments to humans. 

For example, non functional alleles o f the Caspase 12 gene appear to have arisen in the 

human lineage approximately 500,000 years ago (in contrast to non-human primates where 

the caspase 12 gene product is expressed), and appear to confer a survival benefit by 

abrogating a negative regulatory signal in the inflammatory cascade and improving resistance 

to infection [Xue et al 2006],

In humans and in specific circumstances, the occurrence o f the SIRS response is 

linked with a deficient counter-inflammatory response. In humans, a recognized SIRS 

response occurs following sterile challenges such as exposure to an extra-corporeal circuit in 

cardiopulmonary bypass. This inflammatory response in this circumstance is characterised by 

an early increase in anti-inflammatory cytokines, with SIRS evident in patients with lesser 

increase in the prototypic anti-inflammatory cytokine IL-IO [Duggan et al 2006], However 

this SIRS response in humans is dissimilar to the response to infection and sepsis, and may 

indeed represent the polar opposite to sepsis in humans [O’Dwj^er et al 2006, O ’Dwyer et al 

2008].

This human SIRS response in the absence o f infection is similar to animal sepsis 

models, and suggests that many o f the animal sepsis models are actually models o f the 

inflammatory component o f the SIRS response and are not appropriate models o f human 

sepsis.
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Immune response to infection 

Innate and Adaptive Immunity

The immune system is composed o f two major subdivisions, the innate or nonspecific 

immune system and the adaptive or specific immune system. The innate immune system is a 

primary defense mechanism against invading organisms, whereas the adaptive immune 

system acts as a second line pathogen-specific defense mechanism. Both aspects o f the 

immune system have cellular and humoral components. In addition, there is inteiplay 

between these two systems, i.e. cells or components o f the innate immune system influence 

the adaptive immune system and vice versa.

The innate and adaptive immune systems differ in several ways. The adaptive 

immune system requires some time to react to an invading organism, whereas the innate 

immune system includes defenses that, for the most part, are constitutively present and 

m obilized immediately upon infection. Additionally, the adaptive immune system is antigen 

specific and reacts only with the organism or antigen that induced the response. In contrast 

the innate system is not antigen specific and reacts similarly to a variety o f organisms and 

agents. Finally, the adaptive immune system exhibits an immunological memory. It 

"remembers" that it has encountered an invading organism and reacts more rapidly on 

subsequent exposure to the same organism. The innate immune system does not exhibit a 

memory response.

The adaptive response exhibits both a humoral and cell mediated immunity. Humoral 

immunity is antibody mediated. These antibodies identify and target microbes for 

elimination. It functions primarily against extracellular microbes and viruses and their toxins. 

In contrast, cell mediated immunity is mediated by T lymphocytes and targets primarily 

intra-cellular pathogens.
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Effective host defense requires the coordinated response o f both innate and adaptive 

immunity. There is significant interplay between the two responses. The innate response can 

stimulate and influence the nature o f the adaptive responses. In turn, the adaptive response 

utilizes many o f the effector mechanisms o f the innate response to eradicate infection. 

Several cytokines that are produced as components o f innate immunity, such as IL-18, IL-12, 

IL-23, IL-27 and IL-10, can directly regulate the pattern o f the specific cell mediated 

response by influencing the growth and differentiation o f T cells [Trinchieri et al 1995, Akira 

et al 2001, Berg et al 2003].

In the human immune response to infection and sepsis, an appropriate immune 

response is dependent on a coordinated response by cytokines that regulate phagocytic 

bactericidal activity. The importance o f these cytokines is evident from both animal and 

human in vitro studies. For example in murine knockout models, TNFa  gene deletion mice 

when exposed to Salmonella bacteria all die, as compared with 0% mortality in wild type 

mice [dDharmana et al 2002]. While TN Fa is widely regarded as an inflammatory cytokine, 

it is also o f pivotal importance in generating a bactericidal phagocytic response to infection, 

and certainly plays a central role in the immune response to infection. Notably, there is 

significant evidence that treatment with TNFa antagonists for conditions such as rheumatoid 

arthritis increases the risk o f hospitalization with bacterial infection [Rosenblum et a l2 Q \\\ .

Furthermore human mononuclear leukocytes isolated after infective or traumatic 

episodes exhibit phenotypic changes, characterised by deficiency in the cytokines IFN-y  and 

IL-12, while retaining the capacity to produce the archetypical the anti-inflammatory 

cytokine IL-10 [Goebal et al 2002, Nakos et al 2002, Rigato et al 2003].

The observed decrease in monocyte MHC class II expression in septic patients, 

regarded as a manifestation o f immune suppression that may alter outcome, can be in part 

reversed by treatment with IFN-y [Docke et al 1997].
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An anomalous cytokine-mediated immune response may be important in generating 

an initial predisposition for the occurrence and subsequent outcome o f infection. Infection 

after surgery has been linked with down-regulation o f IFN-y production by monocytes and 

inhibition o f inducible IL-12 production [Docke et al 1997]. Trauma patients who develop 

sepsis exhibit greater lL-10 levels in peripheral blood [Lyon et al 1997]. Furthermore, sepsis 

after oesophageal surgery has been linked with alleles o f the TNFa gene, which reputedly 

have a regulatory effect [Azim et al 2007].

This laboratory utilises quantitative real-time polymerase chain reaction to investigate 

cytokine gene expression in patients with sepsis and infection Previously published work 

observed that deficient IFN-y and TNFa gene expression in PBLs in response to infection is 

linked with the onset o f sepsis, persistent shock and increased mortality [O’Dwyer et al 

2006], Reduced IFN-y mRNA expression in PBLs was identified in septic patients compared 

with patients with infection and healthy controls. Similarly septic patients with lesser TNFa 

and lesser IFN-y gene expression in PBLs were more likely to have persistent shock and 

greater mortality. There was no correlation between IL-10 mRNA levels and the resolution o f 

organ failure or mortality.

IL-23 and IL-27, pleiotrophic members o f the IL-12 family o f  cytokines acting 

antagonistically on T cells, may be o f greater importance than IL-12 in mounting an 

appropriate bactericidal response to infection. Gene expression o f the cytokines IL-18, IL-23, 

IL-27 was also examined in the same sepsis model [O’Dwyer et al 2008]. This study 

suggested that IL-23 is protective in sepsis and reports a correlation between IL-23 gene 

expression and TNFa gene expression in late sepsis. Furthermore, increased IL-27 expression 

was linked with poor outcome in sepsis. IL-18 mRNA levels were not predictive o f response 

to infection. IL-23 and IL-27 are members o f the IL-12 cytokine family and are master
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regulators o f  T cell activation by antigen presenting cells (APCs) [Hunter et al 2005, 

Cordoba-Rodriguez et al 2003].

Collectively these studies indicate that characteristic cytokine based immune response 

in humans with infection is associated with adverse outcome. However, it is unclear whether 

this effect is mediated by IFN-y and TN Fa, or by the recently described IL-17 cytokine 

family, or other effector cytokines [Cua et al 2010]. Whereas both IL-23 and lL-27 have 

recently been described as antagonistic regulators o f CD4+ T cells that have a T hl7  

phenotype, it remains unclear as to whether this link between IL-23 and IL-27 with outcome 

in sepsis is mediated by this IL-17 cytokine pathway or by regulation o f IFN-y and TNFa 

expression [Cua et al 2010].

Overall, these studies suggest that in the setting o f infection in humans, a vigorous 

and complex immune response is appropriate and necessary for optimal patient outcome.
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Gamma Chain Cytokines

The yc family o f cytokines which includes IL-2, IL-7, IL-15 and IL-21 play pivotal 

roles in the development, proliferation, homeostasis and differentiation o f multiple cell lines 

in both the innate and adaptive immune system [Rochman et al 2009]. IL-2 is a T cell growth 

factor, augments NK cell activity and stimulates B cells to produces immunoglobulin [Kim et 

al 2006, Leonard et al 2004], It also functions as an important regulator o f T cell tolerance in 

part by promoting the development o f regulatory T cells (T reg cells) [Sakaguchi et al 2008], 

as well as regulating the proliferation and apoptosis o f activated T cells [Rochman et al 

2009], In both human and animal studies there is significant evidence that IL-7 plays a key 

role in the development o f T cells [Noguchi et al 1993]. In addition IL-7 has a key role in B 

cells development in mice but not in humans [Kovanen et al 2004], There is also significant 

evidence that IL-7 functions as a potent lymphocyte survival factor [Mazzucchelli et al 2007, 

Surh et al 2008]. IL-15 is essential for the development o f NK cells, and in models where IL- 

15 signalling is defective NK cells fail to develop [Leonard et al 2001].

X-linked severe combined immunodeficiency (X-SCID), an immuno-deficiency 

disorder that affects lymphocytes, is a recessive inherited disease in which the gene encoding 

the common cytokine receptor y-chain (yc) on the X chromosome is mutated. The yc is an 

essential component o f six distinct receptors and its mutation results in profound 

immunodeficiency. Patients afflicted with X-SCID often present with recurrent bacterial and 

fungal infections very early in life and rarely live beyond the first year o f life. It is a disorder 

characterised by an abnormally low number o f lymphocytes, primarily due to absence of 

effective IL-2 and IL-7 signaling for lymphocyte growth and homeostasis.

It is plausible that in the challenging immune environment o f severe sepsis and 

infection in humans, an appropriate yc mediated response is necessary for a protective 

immune response.
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Tumor Necrosis Factor Alpha (TNFa)

TN Fa is a pleiotropic inflammatory cytokine. A variety o f cells have the potential to 

produce TNFa, including T lymphocytes, macrophages, polymorphonuclear leukocytes 

(PMN), mast cells, smooth muscle cells and tumor cells [Steffen et al 1988, Vassalli et al 

1992, Jovanovic et al 1998], As the TNFa receptor is present on almost all nucleated cells, it 

has profound systemic effects. A positive feedback cycle ensures that TNFa induces its’ own 

synthesis and release [Philip et al 1986, Duitmane/ a / 2011], This is in part achieved through 

TNFa mediated induction o f NFkB transcription, which in turn enhances the transcription o f 

the TNFa gene [Collart et al 1990, Shakhov et al 1990, Crisostomo et al 2008]. TNFa 

production is induced by lipopolysaccaride (LPS), IFN-y and other inflammatory cytokines 

including the more recently identified IL-23 and IL-17 [Hunter et al 2005, Vassalli et al 1992, 

Jovanovic et al 1998].

TN Fa acts as a key mediator in the local inflammatory response. TNFa is an acute 

phase protein, which initiates a cascade o f cytokines and increases vascular permeability, 

thereby recruiting macrophage and neutrophils to a site o f infection. TNFa secreted by the 

macrophage induces blood clotting which serves to contain infection. TNFa induces 

neutrophil proliferation during inflammation, but it also induces neutrophil apoptosis upon 

binding to the TNF-R55 receptor [Murray et al 199T\.

In addition to being the main source o f TN Fa, activated mononuclear phagocytes are 

also one o f  its main targets. TN Fa induces activation and differentiation o f monocytes, is 

chemotactic for monocytes in vitro and induces a self amplifying chain o f events leading to 

more T N Fa release [Vassalli et al 1992, Duitmane? al 2011]. T N Fa and IFN-y 

synergistically induce two independent cytotoxic pathways; the superoxide pathway and the
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nitric oxide pathway. Induction o f these pathways explains the marked bactericidal effects o f 

T N Fa and IFN-y [Kindler et al 1989, Bahador et al 2007].

T N Fa causes vascular endothelial cells to express adhesion molecules for leukocytes 

and induces the release o f IL-6 and the potent chemotactic agent IL-8 [Gimbrone et al 1989, 

Vassalli et al 1992, Zhang et al 2011]. The administration o f  high doses o f TN Fa 

reproduces some o f the characteristics o f  septic shock. Hypotension from impaired 

myocardial contractility and reduced vascular smooth muscle tone, acidosis, hepatic necrosis, 

a coagulopathy and ARDS like pulmonary changes are constant findings with injection o f 

high doses o f T N Fa [Roberts et al 2011, Vassalli et al 1992]. Conversely the essential 

protective effects o f T N Fa against lethal bacterial challenge have been also demonstrated 

[Hunter et al 1996, Silva et al 1995]. These protective responses stem from induction o f 

critical host defence mechanisms, including the generation o f  cytotoxic oxygen products, to 

the initial T N Fa injection [Silva et al 1995, Wallis et al 2009].

In summary, T N Fa has varied and wide ranging effects. It can activate and 

differentiate macrophages, prompt neutrophils to degranulate and release more cytokines and 

stimulate activated lymphocytes to divide. It triggers the release o f  numerous mediators o f 

inflammation. It facilitates the local accumulation o f macrophages in an autocrine manner 

and enhances their ability to attack microbes by inducing the production o f  reactive oxygen 

species. It also provides a critical link between the innate and adaptive immune response.

Interferon gamma

IFN-y coordinates a wide array o f  cellular processes by regulating transcription o f 

immunological relevant genes. NK and T cells are the main cellular source o f  IFN-y [Boehm 

et al 1997] following stimulation with IL-12, TNFa and positive feedback with IFN-y itse lf
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The primary determinant o f Thl differentiation is apparently lL-12, by directly 

inducing IFN-y secretion in both naive CD4^ T cells and NK cells [Trinchieri et al 1995, 

Waggoner et al 2007]. There is also a positive feedback loop whereby IFN-y in turn induces 

IL-12 secretion from monocytes leading some commentators to label IFN-y as an inducer o f 

the Thl phenotype [Trinchieri et al 1995, Seder et al 1994, Murphy et al 2002],

IFN-y enhances MHC-associated antigen presentation [Farrar et al 1993, Giroux et al 

2003] and promotes T lymphocyte and macrophage endothelial adhesion and extravasation to 

sites o f infection. This promotes the local formation o f inflammatory exudates enriched in the 

agents o f cellular immunity [Boehme et al 1997, Schoenbom et al 2007]. Macrophage 

activation, through induction o f nitric oxide and superoxide production, is a major cellular 

action o f IFN-y and is o f critical importance in the elimination o f intracellular organisms. 

IFN-y induces antibody responses that participate in phagocyte-mediated elimination o f 

microbes, in concert with the direct macrophage-activating effects o f this cytokine. The 

cumulative effect o f these properties is to generate an appropriate immune response to 

infection.

Interleukin 6

The lL-6  gene is located on the short arm o f chromosome 7 and exerts its broad range 

o f actions through the IL-6 receptor. It is expressed by mononuclear phagocytes, vascular 

endothelial cells, dendritic cells, T lymphocytes, B lymphocytes and fibroblasts in response 

to stimulation with microbes, IL-4, IL-1, and TNFa [Kishmito et al 2005]. By stimulating the 

synthesis o f acute-phase proteins by hepatocytes, IL-6 contributes to the systemic effects o f 

inflammation. Furthermore, by stimulating the production o f neutrophils and by inducing the 

terminal differentiation o f B cells to antibody producing plasma cells, IL-6 performs an 

important role in the link between innate and adaptive immunity [Kishmito et al 2005]
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IL-6 induces production o f endogenous IL-4 culminating in a Th2 response whilst 

also inhibiting Thl differentiation by upregulating SOCS-1 gene expression. Lastly, CD4 

lymphocytes differentiate into a T h l7 phenotype upon TCR stimulation in the presence o f 

IL-6 and TGF-P [Bettelli et al 2006, Mangan et al 2006, Veldhoen et al 2006],

Therefore, IL-6 is a pleiotropic cytokine with diverse inflammatory properties and 

also possesses an ability to influence T cell responses through the preferential development 

o f either a Th2 or Thl 7 phenotype.
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Ceils: T helper cell differentiation

T helper (Th) cells play a critical role in mediating and regulating immunity. Rather 

than exhibit direct cytotoxic or phagocytic activity, these cells orchestrate the immune 

response o f macrophages and other phagocytic cells, determine B cell antibody switching 

and the activation and growth o f cytotoxic T cells [O’Garra et al 2000], Mature Th cells 

express the surface protein CD4 and are referred to as CD4^ T cells.

There are clearly defined lineages o f sub-populations o f the CD4 T-cell population that 

are distinct when they emerge from the thymus. Among these subpopulations are “natural” 

regulatory T (nTreg) cells [Sakaguchi et al 2005, Shevach et al 2011] and natural killer T 

cells (NKT cells) [Bendelac et al 2007], however the majority are naive conventional CD4 T 

cells. Naive CD4 cells are currently thought to have four distinct fates that are determined by 

the cellular signals and cytokines to which they are exposed. These four destinations are T h l, 

Th2, T h l7 and induced Treg cells, fhe Thl / Th2 classification was originally proposed by 

Coffman and Mosmann over 20 years ago [Mossmann et al 1986, Coffman et al 2006]. From 

this work, committed CD4 T-cell lines could be subdivided into those producing IFN-y (Th- 

1) as their characterizing cytokine and those producing lL-4 (Th-2).

Naive T cells express the T cell receptor TCR, consisting o f both variable and constant 

regions, with the former determining T cell antigen specificity. During an immune response, 

APCs endocytose foreign material and then display foreign peptide bound to a major 

histocompatibility complex (MHC) class II molecule for recognition by naive Th (ThO) cells 

via the TCR. Class II MHC proteins are found only on the surface o f specialized APCs e.g. 

dendritic cells, macrophages and B cells. This in turn, results in activation o f the ThO cell, 

with subsequent proliferation facilitated by members o f the y chain cytokines e.g. specifically 

IL-2 and IL-7.

Interferon is an important regulator o f Th-1 differentiation, neutralising IFN-y
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markedly diminishes Thl differentiation. lL-12, which is produced by antigen presenting 

cells (APCs) induces IFN-y production which then acts to up-regulate the key Th-1 

transcription factor T-bet [Szabo et al 2003, Szabo et al 1997, Lighvani et al 2001] and 

further augments IFN-y production.

The Thl/Th2 sub classification o f T helper cells has more recently been modified to 

incorporate the T hl7  sub group o f Th cells. T h l7  cells are different from classical Thl/Th2 

cells based on the following evidence: T h l7 cells do not produce the “classical” Thl/Th2 

cytokines; T h l7 cells express low levels o f T-bet and GATA-3; the T hl/T h2 signature 

cytokines, lL-4 and IFN-y, suppress Thl 7 cell differentiation [Park et al 2005, Harrington et 

al 2005]; RORyt is the master regulator gene for Thl 7 cells [Ivanov et al 2006].

T h l7 cells could be induced in vitro from naive mouse CD4 T cells by stimulation 

through their TCR in the presence o f IL-6 and TGF-(3 and ILl-(3 [Bettelli et al 2006, Mangan 

et al 2006, Veldhoven et al 2006]. While early reports suggested TGF-(3 was not required for 

TH17 differentiation in human cells [Acosta-Rodriguez et al 2006], later studies suggest 

TGF-(3may on the contrary, be critical for human Thl 7 cell differentiation [Yang et al 2008, 

Manel et al 2008, Volpe et al 2008]. lL-21 is produced by 'fh l7  cells in the course o f  T h l7  

differentiation [Wei et al 2007, Zhou et al 2007, Nurieva et al 2007] and has a powerful 

positive feedback effect that reinforces T h l7 differentiation.

The process by which CD4 cells differentiate to a Treg phenotype is less clear. Treg 

cells express CD25 [Sakaguichi et al 2005], with Foxp3 functioning as a master 

transcriptional regulator [Fontenot et al 2003, Hori et al 2003]. Foxp3 naive CD4 T cells may 

convert to Foxp3^ CD4 Treg cells, i.e. inducible Treg (iTreg) cells in response to TGF-pi 

[Chen et al 2003]. Furthermore, activated naive CD4 T cells stimulated by TGF-(31 in the 

absence o f pro-inflammatory cytokines develop into iTreg cells.

Figure 1.1 below summarizes much o f what we know about the major sets o f CD4 T
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cells, including their unique products, the characteristic transcription factors and cytokines 

critical for their fate determination and some o f their functions.

Figure 1.1: CD4 T cell subsets and characteristic transcription factors and cytokine 

products
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Figure 1.1 Summary o f the 4 CD4 T helper cell subsets, their functions and products, 
characteristic transcription factors and cytokines critical for their development

The T helper cell type 2 response

Th2 cells mediate host defense against extracellular parasites including helminths 

[Mosmann et al 1989]. They are important both in the induction and persistence o f asthma 

and other allergic diseases. lL-4 acts in a positive feedback cytokine loop via STAT-6 

dependent mechanism to induce GATA 3 expression, which is the major regulator o f Th2 

cell differentiation [Lhouet al 2003, Swain el al 1990, Ouyang el al 2000]. In vitro Th2
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differentiation requires both IL-4 and IL-2 [Zhoue/ al 2003, Cote-Sierra et al 2004], After 

initial priming with IL-4 Th2 cells become resilient to Thl polarizing cytokines and IL-4 

production then becomes independent o f extrinsic IL-4 stimulation [Murphy et al 2002].

Cytokines produced by Th2 cells include IL-4, IL-5, IL-9, IL-10, IL-13, IL-25, and 

amphiregulin. These cytokines stimulate proliferation o f B cells and are necessary for the 

maturation o f the humoral immune system. The antibodies stimulated by this Th2 response 

do not promote phagocytosis, activate complement efficiently and activate macrophages to 

generate an innate immune response.

Gamma c Cytokines and T cell Homeostasis

The gamma chain (yc) family o f interleukins includes IL-2, IL-7, IL-15 and IL-21 are 

important regulators o f lymphocyte homeostasis. The common ychain (yc) was first 

discovered as a component o f the lL-2 receptor, which is the archetypal cytokine o f the 

family [Wang et al 2009], The IL-2 receptor (IL-2R) is composed o f 3 chains (IL-2Ra, IL-2(3, 

and yc). Clinical evidence o f cytokine interaction with the yc receptor can be seen in X- 

linked severe combined immunodeficiency (X-SCID) [Noguchi et al 1993], Patients with X- 

SCID lack T cells and NK cells, indicating the profound importance o f  yc in regulating 

lymphocyte development. In contrast with IL-2 knockout models in mice, the immune 

defects in humans lacking the yc receptor are much more severe. In fact IL-2 knockout mice 

retain the ability to develop T cells and NK cells [Leonard et al 2001], suggesting that the 

actions mediated via yc containing receptors are shared by receptors for multiple alternate 

cytokines.

Interleukin 2
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IL-2 is produced predominately by CD4+ and CD8+ T cells with lesser production 

from activated dendritic cells (DC), NK cells and NKT cells [Granucci et al 2001, Setoguchi 

et al 2005, Yui et al 2001, Yui et al 2004], It acts as a T cell growth factor, augments NK cell 

cytotoxic activity and promotes B cells to produce immunoglobulin [Kim et al 2006], In 

addition, IL-2 contributes to the development of regulatory T cells [Sakaguchi et al 2008].

As with the other yc cytokines, IL-2 signals through the STAT (signal transducer and 

activator) pathway and is the one of the earliest cytokines secreted by T cells after TCR 

stimulation [Sojka et al 2004]. IL-2 induces the proliferation and survival of TCR-activated 

human and mouse T cells and is a pre-requisite for sustained T cell population expansion 

[Kim et al 2006, D’Souza et al 2003]. Treatment with IL-2 during the contraction phase of T 

cell response results in increased survival and accumulation of T cells [Blattman et al 2003, 

Rubenstein et al 2008]. Conversely, when IL-2 is administered at supra-physiological levels 

to mice infected with lymphocytic choriomeningitis virus, there is a reduction in the number 

of CD4+ T cells that have recently been activated with their TCR. displaying activation- 

induced cell death (AICD) [Lenardo et al 1991].

In general, the role of IL-2 is multi-faceted owing to its complex effects on driving T 

cell proliferation, promoting clonal expansion of Treg cells and mediating AICD.

Interleukin 7

IL-7 has a key role in lymphocyte development and peripheral T cell homeostasis. In 

patients with X-SCID, the defective T cell induced signaling is due to absence of IL-7 

signaling [Noguichi et al 1993]. IL-7 is a potent T lymphocyte survival factor [Mazzucchelli 

et al 2007, Surh et al 2008] and has a key role in regulating naive and memory T cells 

[Schluns et al 2000, Goldrath et al 2002, Seddon et al 2003]. IL-7 is produced by stromal and 

epithelial cells in the bone marrow, by the thymus, fibroreticular cells and by activated
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dendritic cells [Surh et al 2008, Link et al 2007], The bioavailability o f IL-7 is regulated by 

both its production and consumption by €04"^ T cells [Surh et al 2008] with decreased 

numbers o f CD4+ T cells in humans in some cases associated with increased IL-7 levels [Fry 

et al 2005], Therefore lymphopenia in humans should be associated with reciprocal increases 

in IL-7 levels [Seddon et al 2003],

lL-7 supports T cell homeostasis via two different mechanisms. It promotes T cell 

survival by activating the pro-survival signalling pathways and increases the expression o f 

survival factors such as B cell lymphoma 2 (Bcl-2) and myeloid cell leukaemia sequence 1 

(M C Ll), whereas it inhibits the expression o f  pro-apoptotic factors BAX and BAD 

[Mazzucchelli et al 2007, Surh et al 2008]. Secondly it induces the proliferation o f naive and 

memory T cells in lymphopoenic conditions and induces proliferation o f memory T cell, but 

not naive T cells, under normal physiologic conditions [Schluns et al 2000, Goldrath et al 

2002, Tan et al 2001].

T cell apoptosis

T cell apoptosis is vital for lymphocyte homeostasis and immune function. In the 

adaptive immune response naive and memory 1' cells proliferate to complete their effector 

functions, after this expansion phase, the contraction phase begins. Apoptosis is a 

programmed form o f cell death involving the degradation o f cellular components by a group 

o f cysteine proteases called caspases. T cell apoptosis is controlled by 2 main apoptotic 

pathways: the extrinsic or death receptor pathway and the intrinsic or mitochondrial pathway, 

although there is increasing evidence that the two pathways are linked [Opferman et al 

2003]. In both experimental animal and human models o f sepsis, apoptosis o f T and B 

lymphocytes has been suggested to play a key role in immunoparalysis [Wang et al 1994, 

Ayala et al 1996, Hotchkiss et al 1997, Hotchkiss et al 2001]. Indeed anti-apoptotic agents
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such as caspase inhibitors and Bcl-2 overexpression have been shown to inhibit lymphocyte 

apoptosis and improve survival in murine lodels o f sepsis [Hotchkiss et al 1999, Iwata et al 

2003, Hotchkiss et al 2000, Hotchkiss et al 2006], Anti-apoptotic cytokines that promote 

lymphocyte proliferation and function, such as IL-7, are also now being investigated as 

potential therapeutic agents for the treatment o f sepsis [Hotchkiss et al 2006], The yc family 

o f cytokines, specifically IL-2 and IL-7 inhibits cytokine deprivation-induced T lymphocyte 

apoptosis by up-regulating the anti-apoptotic Bcl-2 family [Ma et al 2006, Chetoui et al 

2010]. These activities suggest that IL-7 and IL-2, like other anfi-apoptofic agents, may be 

capable o f  inhibiting the immunoparalysis phase o f  sepsis.

A study by Unsinger et al in 2010 sheds more light on how IL-7 affects the septic 

response. Using amouse model o f sepsis, known as caecal ligation and puncture (CLP) to 

artificially induce intra-abdominal peritonitis and bacteremia, the authors demonstrated that 

injection o f IL-7 inhibited the sepsis-induced apoptosis o f thymocytes, and CD4^ and CD8^ 

T cell subsets in the spleen and mesenteric lymph nodes. This was partially attributed to an 

increase in Bcl-2 expression that was detected in CD4^ and CD8^ T cells following lL-7 

treatment. In addition, IL-7 prevented the sepsis-induced expression o f the pro-apoptotic Bim 

genes. Significantly, IL-7 treatment not only inhibited lymphocyte apoptosis, but also 

improved the overall survival o f two different mouse strains following CLP surgery.

Summary

Sepsis is an infection-induced syndrome with a persistently high mortality rate. 

Ideally, a complex immunological cascade should ensure a prompt, efficient protective 

response to invasion by pathogenic organisms. Early research pointed towards an excessive, 

poorly regulated inflammatory response that was inherently pathological, through the 

maladaptive release o f endogenous inflammatory compounds. Secondary to the failure o f
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anti-inflammatory compounds as a therapy in sepsis, ahem ative theories highhghting the 

importance o f deficient immunological responses are emerging. There is growing evidence 

that T cell homeostasis and lymphocyte apoptosis may play a key role in the immune 

response to infection. In this regard the yc family o f cytokines and their apoptosis mediators 

warrant further investigation.

By examining an immune response present in patients with severe sepsis and 

comparing this to the response obsen/ed in healthy controls and a group with infection we 

hope to be able to identify key factors involved in the human immune response to infection. 

Moreover an investigation o f gene expression o f a group o f patients that can be prospectively 

followed prior to the onset o f infection would determine whether the altered gene expression 

profiles observed is potentially causal or consequential to the inflammatory response.

Quantitative real time polymerase chain reaction (qRT-PCR) used as an assay for 

gene expression provides an increase in sensitivity over older, less sensitive ELISA based 

technology. Although the optimum assessment o f gene function is rightly considered to be 

protein expression, the relatively low levels o f protein expressed in vivo preclude widespread 

use o f ELISA techniques without recourse to artificially inflating protein levels by exogenous 

cell stimulation techniques.

A clearer understanding o f the pattern and timing o f  the cytokine-based immune 

response to infection in humans is a prerequisite to any logical proposal o f a novel sepsis 

immune adjuvant therapy.

Aims

1. Elucidate whether the patho-physiology o f  the onset o f sepsis and subsequent 

progression o f sepsis may be related to a deficient immune response.
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2. Investigate whether cytokines that confer a propensity to develop sepsis, and those

that effect sepsis resolution are different.

3. Determine whether the pattern o f cytokine gene transcription that characterise sepsis

is present before the onset o f infection
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Chapter 2 Materials and Methods
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Patient Methods 

Study Design

Two prospective observational studies were performed with the aim o f investigating 

the link between cytokine gene expression in PBLs and the immune response in infection and 

sepsis.

Sepsis Study

The first study (Sepsis study) compared and contrasted cytokine gene expression in 

three study groups. The control group consisted o f ten healthy volunteers. A bacteraemic 

group had a documented gram-negative bacteraemia on peripheral blood culture but did not 

develop sepsis. The third group, included patients admitted to the ICU with severe sepsis or 

septic shock from an obvious bacterial infection.

Cytokine gene expression was assayed in cultured leukocytes in order to examine 

leukocyte responsiveness to exogenous stimuli and to determine whether leukocyte 

responsiveness could be modified.

Thoracic Study

In the second study (Thoracic study) patients undergoing elective thoracotomy for 

pulmonary resection were recruited. The object o f the thoracic study was to determine 

whether the patterns o f cytokine gene expression evident in patients with infection and sepsis 

were also evident in patients who developed respiratory infection after surgery. Thoracic 

surgery is unique in some respects in that it generally elective surgery, on a single relatively 

sterile body cavity, in patients with a defined disease process, usually cancer, who are not 

infected at the time o f surgery, and with a significant proportion o f patients developing 

pneumonia within the first week after surgery. In this regard thoracic surgery provides a 

unique model o f the onset o f infection in humans after surgery. The incidence o f  post-
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operative pneumonia in patients undergoing elective pneumonectomy is 25% [Arozullah et al 

2001], usually several days after surgery. Thus it is possible to draw blood samples in 

patients several days prior to the onset o f infection, thus identifying a baseline for gene 

expression. Hence it may be possible to identify patterns o f cytokine expression that precede 

the onset o f infection that are more likely to be causal rather than coincidental.

Patients: Sepsis Study

Three study groups (sepsis, bacteraemia and controls) were recruited. Ethical 

approval was obtained from the institutional ethics committee in St James Hospital, and 

informed written consent was obtained from each patient or from patient next o f kin. Sepsis 

and bacteraemic patient groups were recruited from St Jam es’s Hospital, Dublin, Ireland. 

Control samples were obtained from healthy hospital staff.

Sepsis Group

A total o f 60 patients with severe sepsis or septic shock, as defined by the American 

College o f Chest Physicians/Society o f Critical Care Medicine Consensus Conference 1992 

[ACCP/SCCM consensus guidelines 1992] were enrolled over the course o f  12 months. The 

definition o f severe sepsis and septic shock and the criteria for identification o f severe sepsis 

and septic shock patients has been outlined in chapter 1.

The source o f the infection necessitating the ICU admission, and subsequent 

infections over the course o f the ICU stay, were recorded. The pathogenic organisms were 

also noted.

The diagnosis o f respiratory tract infection (RTI) was based on the Centre for Disease 

Control and Prevention definition [CDC guidelines 1989], The criteria include the presence 

o f a new and persistent radiographic infiltrate on Chest Radiograph in combination with the 

following; (1) purulent sputum or changes in sputum quality and the isolation o f pathogenic 

bacteria from blood cultures, pleural fluid, or sputum; (2) temperature > 38.5°C or <35°C; (3)
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WBC count o f > 10x10^ or < 3x10^ cells/mL and (4) worsening gas exchange (Pa02/Fi02 

ratio < 240).

Intra-abdominal infection was diagnosed with the presence o f pus in the abdominal 

cavity verified by laparotomy, percutaneous drainage or radiological imaging.

Urinary tract infection (UTI) was diagnosed in the presence o f an appropriate clinical 

setting or with microbiological confirmation.

The diagnosis o f Central Nervous System (CNS) infection was made based on 

clinical signs, CT scan or positive microbiological culture from a sample o f cerebrospinal 

fluid.

Central line infection was diagnosed by a positive microbiological culture in the 

presence o f an appropriate clinical picture.

Skin and soft tissue infections were diagnosed by a positive microbiological culture 

from the suspected site or from blood cultures in the presence o f appropriate clinical signs.

Mediastinal infection was diagnosed in the presence o f an appropriate history and 

clinical signs in combination with suggestive chest X ray changes or a positive 

microbiological isolate.

The presence or absence of infection was verified, on a daily basis, by the ICU 

physician based on these criteria. Microbiological isolates were designated as commensals, 

contaminants or pathogens in conjunction with the microbiology team.

ICU death or survival to ICU discharge was recorded and all patients received similar 

standardised care.

Severity of illness scoring systems in Sepsis.

Severity o f illness was evaluated by organ dysfunction scores by means o f the 

Simplified Acute Physiology Score (SAPS II) [Le Gall et al 1993], Multiple Organ
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Dysfunction Score (MODS) [Marshall et al 1995] and the Sequential Organ Failure 

Assessment (SOFA) [Vincent et al 1996] on admission to the ICU and again assessed on day 

7 with the MODS and SOFA scores. The clinical parameters required for calculation o f these 

scores are outlined in tables 2.1, 2.2 and 2.3.

Individual cardiovascular, haematological, renal, metabolic and arterial blood 

oxygenation variables were collected and recorded on day 1 and day 7 o f ICU stay. The 

recorded variables represented the most significant derangements from normal values over 

each 24-hour period.

The duration o f dialysis, inotrope dependence, ventilation and ICU stay was recorded 

for each patient.
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Table 2.1 Data required for calculation of SAPS2

T ype o f  A dm ission
Scheduled Surgery Medical Unscheduled Surgical

0 6 8
C hronic Disease

None M etastatic Carcinoma Haematological AIDS
0 9 Malignancy 17

10
G lasgow  C om a Scale

14-15 11-13 9-10 6-8 <6
0 5 7 13 27

Age
<40 40-59 60-69 70-74 75-79 > = 80

0 7 12 15 16 18
Systolic Blood Pressure  

<70 70-99 100-199 >=200
13 5 0 2

Heart Rate
<40 40-69 70-119 120-159 >=160
11 2 0 4 7

T em perature
<39‘’C >39°C

0 3
PaOj/FiOz

If ventilated  or receiving continuous positive pressure ventilation  
<100 101-199 >200

11 9 6
Urine O utput in 24 hours (L)

0.5 0.5-0.999 >1
11 4 0

Serum Urea
<10m m ol/L 10-29.9mmol/L >=30mmol/L

0 6 10
W hite Cell C ount

< 1000/mm^ 1000-19000/mm^ >20000/mm^
12 0 3

Potassium
<3m Eq/L 3-4.9mEq/L >=5.0m Eq/L

3 0 3
Sodium

>=145m Eq/L 126-144mEq/L <=125mEq/L
1 0 5

Bicarbonate
<15m Eq/L 15-19mEq/L >20mEq/L

6 3 0
Bilirubin

<68.4|amol/L 68.4-102.5|im ol/L  >=102.6nm ol/L
0 4 6

Table 2.1 SAPS2 data is collected during the patients first 24 hours after ICU 
admission and the following guidelines adhered to. Age; the patients age in years at 
their last birthday. Heart rate; the worst value in 24 hours either low or high. Systolic 
blood pressure; the worst value in 24 hours, either low or high. Temperature; the 
highest recorded temperature in °C. P a02/F i02  (the ratio of arterial partial pressure o f 
oxygen to fractional concentration of inspired oxygen); to be measured when 
mechanical ventilation was necessary and the lowest value o f the ratio used. Urinary 
output; if  the patientspends less than 24 hours in the ICU then calculate the probable 
amount produced over 24 hours. Serum urea; use the highest value recorded. White



55

cell count; use the worst (high or low) value. Potassium; use the worst (high or low) 
value. Sodium; use the worst (low or high) value. Bicarbonate; use the lowest value. 
Glasgow coma score; use the lowest value. If the patient is sedated, record the 
estimated Glasgow coma score before sedation. AIDS; yes if  HIV positive with 
clinical complications such as pneumocystis carinii pneumonia, Kaposis sarcoma, 
lymphoma, tuberculosis or toxoplasma infection. Haematological malignancy; yes if 
lymphoma, acute leukemia or multiple myeloma. Metastic cancer; yes if  proven 
metastasis by surgery, CT scan or other radiological method.
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Table 2.2: Data necessary for the calculation of the MODS score

Score 0 1 2 3 4

PaOj/FiO, >300 226-300 151-225 76-150 <75

Serum Creatinine (|amol/ml) <100 101-200 201-350 351-500 >500

Serum Bilirubin <20 21-60 61-120 121-240 >240
(nmol/L)

Platelet Count >120 81-120 51-80 21-50 <20

Glasgow Coma Scale 15 13-14 10-12 7-9 <6

Pressure adjusted heart rate <10 10.1-15.0 15.1-20.0 20,1-30.0 >30

Table 2.2 The MODS has a maximum score o f 24 and is calculated using the worst recorded 
variables over each 24-hour period. P02/Fi02 ratios were not restricted to ventilated 
individuals. Pressure adjusted heart rate was calculated using the following formula:Pressure 
adjusted heart rate= (Heart rate X Right atrial pressure)/Mean arterial pressure.
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Table 2.3: Data necessary for the calculation of the SOFA score

Score 0

PaOj/FiO j >400

Serum Creatinine (|itnol/m l) <110

Serum Bilirubin <20
(|im ol/L)

Platelet Count >150

Glasgow Coma Scale 15

Cardiovascular

1

301-400

110-170

20-32

101-150

13-14

2

201-300

171-299

33-101

51-100

10-12

MAP Dopamine
<70mmHg <5|ig/kg/m in

or

101-200 and 
MV 

300-440 or 
<500ml 

urine/day 
102-204

21-50

6-9

Dopamine 
>5|ig/kg/m in or 

Adrennaline
Dobutam ine <0.1 ng/kg/m in 

or
Noradrennaline

<100 and MV

>440 or 
<200ml 

urine/day 
>204

<20

<6

Dopamine
>15|ig/kg/m in

or
Adrennaline 

>0. lug/kg/m in 
or

<0.1 ng/kg/m in Noradrennaline 
>0.1ng/kg/m in

Table 2.3: The SOFA has a maximum score o f  24 and is calculated using the worst recorded 
variables over each 24-hour period. P02/Fi02 ratios were not restricted to ventilated 
individuals. It differs from the MODS score primarily in the calculation o f  the cardiovascular 
variable. The SOFA score uses dose and potency o f  inotropic medication required tomaintain 
a normal blood pressure to characterize cardiovascular instability.
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Bacteraemic Group

Fifteen bacteraemic patients were enrolled in the study. These patients received 

medical care on hospital wards, and did not require intensive care admission at any stage o f 

their treatment. The clinical microbiology service identified patients to the researcher upon 

the isolation o f  gram-negative bacteria from blood cultures. Blood cultures were taken by the 

primary care team when patients exhibited clinical signs o f infection. These patients were 

deemed suitable for enrolment if  they had no evidence o f end organ impairment, impending 

septic crises or critical illness. While the presence o f SIRS criteria did not exclude these 

patients, those fulfilling the criteria for severe sepsis or septic shock were excluded. We 

chose not to include those with gram-positive or fungal isolates, as these samples were more 

likely to represent contaminants.

Severity o f illness using the SOFA score was measured at the time o f blood sampling. 

Demographic details, sites o f infection and organisms isolated were also recorded. Patients 

were followed up to ensure that they were not admitted to the ICU during their hospital stay 

and that they were eventually discharged from hospital free from their acute illness.

Control group

Ten hospital and university staff members with no acute or chronic illness were enrolled 

as a control group.

A further 10 patients with known Crohns disease were recruited as a further control group 

for lL-17 expression study.

Exclusion Criteria

Exclusion criteria included:

Infection with the human immunodeficiency virus
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Patients receiving chemotherapy in the past 6 months

Neutropenic sepsis

Patients receiving immunosuppressant treatment

- Corticosteroids equivalent to prednisolone >20mg/day for more than 

14 days;

- Cyclosporine, cyclophosphamide or azathioprine

non - Irish Caucasian ethnic background

Less than 16 years old

Patients for whom we could not obtain informed consent 

Blood sampling

In the ICU group blood sampling was carried out within the first 24 hours o f ICU 

admission and again 7 days later through an indwelling arterial line or by venipuncture. In 

the bacteraemic group, blood was collected by venipuncture within 24 hours o f the positive 

blood culture. Controls donated blood samples by venipuncture at one time point.

Twenty mis o f blood were collected at each donation. 15 mis o f whole blood was 

collected in EDTA anti-coagulated containers for peripheral blood leukocyte cell 

purification. 5 mis o f whole blood was collected in containers containing a clot activator for 

subsequent isolation o f serum.
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Thoracic Study Patients

This second study, investigating the cytokine gene expression changes in 

perioperative pneumonia was conducted in St James’s Hospital, Dublin, Ireland, and was 

approved by the institutional ethics committee. Informed written consent was obtained from 

each patient. A total of 60 patients scheduled for elective lobectomy or pneumonectomy were 

recruited over 12 months. Clinical and laboratory variables regarding preoperative chronic 

disease state, pulmonary function, the nature of the proposed surgery and a Kamofsky score 

[Buccheri et al 1996] were collected preoperatively as baseline and again on post-operative 

day 1 and 5. All thoracotomy patients received standardised care as per a care pathway of the 

admitting service. Patients were reviewed clinically by an independent consuhant physician 

to detect the occurrence of post-operative respiratory infection using CDC and Prevention 

Guidelines [CDC guidelines 1989]. Patients were characterised as having an uneventful 

recovery or as having developed a hospital acquired pneumonia (HAP).

Exclusion Criteria

Exclusion criteria included:

- Pre existing overt organ failure

- Infection with the human immunodeficiency virus

- Patients neutropenic as a result of chemotherapy

- Patients receiving long-term treatment with corticosteroids

- Trauma and bums patients

- Non-Irish Caucasian ethnic background.
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Blood Sampling

In the thoracic study, blood sampling was carried out at 3 time points. Baseline 

sampling was carried out preoperatively, 24 hours after surgery and again on post-operative 

day 5. Twenty mis o f blood was collected at each donation by venipuncture. Fifteen mis o f 

whole blood was collected in EDTA anti-coagulated containers for peripheral blood 

leukocyte purification. Five mis o f whole blood was collected in containers containing a clot 

activator for subsequent isolation o f serum.

Sample size calculation and power analysis

Prospective sample size calculation in this setting was complicated by the lack o f 

previously published material on mRNA in this type o f patient cohort. Most previously 

published studies in human populations use a technique o f relative quantification o f mRNA 

thus obviating the need to directly quantify mRNA copy numbers. In fact the only previously 

published human studies o f mRNA qualifica tion  has been this research group [O’Dwyer et 

al 2006, O ’Dwyer et al 2008]. Hence we did not know prior to commencement o f the study 

the standard deviation o f the variables or the clinical relevance o f  differing copy numbers.

A number o f different comparisons were made in this study but o f primary interest 

was the difference between the bacteraemic and ICU groups in terms o f  mRNA levels. We 

anticipated that the two groups would be o f different size, as severe sepsis requiring ICU 

admission is a more common diagnosis than gram-negative bacteraemia with no organ failure 

in our institution. Similarly the two groups in the Thoracic study, HAP and non-HAP groups, 

would again be o f different size as we anticipated the incidence o f postoperative pneumonia 

to be approximately 25%.

In order to quantify the sample size we need to specify the following quantities, 

standard deviation of the variable (s)
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clinically relevant difference (8) 

significance level (a  - two-sided) 

power (1-P)

The standardised difference is then calculated as the ratio o f the difference o f interest 

to the standard deviation (§/s). Given the problems with the quantification o f the 

standardised difference in this case, as outlined above, we specified that we would like to 

be able to detect a difference between the groups o f one standard deviation. The 

standardised difference is therefore 1.0. Using a nomogram [Whitley el al 2002] (see 

appendix, A. l )  and specifying a value o f 0.8 for p, 0.05 for a  and a standardised 

difference o f 1 gives a value o f 30 for N, which is the total sample size if there are equal 

numbers in each group.

To calculate the modified sample size (Nm), if  k is the ratio o f the sample sizes in the

1 2  ‘ two groups (n /n ) then the required total sample size is:

Nm= N(l+k)^/4k

and the tw'o sample sizes are N m /(l+k) and kNm /(l+k).

In this study we expected to enrole approximately five times the number o f ICU patients 

compared to bacteraemic patients. Using the above calculations, for a power o f 80% at a 

significance level o f 5% we needed to enroll at least 43 ICU patients and 9 bacteraemic 

patients.

As we actually enrolled 60 ICU patients and 15 bacteraemic patients we can calculate 

the power o f the study using the same nomogram. As we have unequal sample sizes we 

calculate an effective sample size (N).

N= 4Nmk/(l+k)^, where k=n'/n^ and Nm=n'+n^
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Using this formula to derive N the power in this study is close to 90% at an a  level o f

5%.

According to our initial study power calculations, we needed to recruit 40 patients with 

sepsis and 9 bacteraemic. However, we recuited 60 septic patients and 15 bacteraemic 

patients. We purposely recruited beyond our power calculations. Although we collected 20 

mis o f whole blood from the each study participant we could not guarantee the quantity o f 

mRNA harvested from each blood sample. As we were keen to study complete cytokine 

families in an adequately powered cohorts, for this reason, we recruited more patients than 

indicated by the power analysis to compensate for the biological variability o f  mRNA 

harvesting.

Ethical issues

Research which employs biomarkers and genetic information may have an impact on 

both the patient and their families in the future. These biomarkers have the potential to 

provide important information about the susceptibility to disease for that individual and their 

family. No medical interpretation o f individual results o f this research was provided to the 

primary care teams, study volunteers, patients or patients’ relatives. We ensured that stored 

genetic and biological material could not be traced back to the donor. Confidentiality o f the 

data was ensured and access was limited to concerned researchers only. The data were stored 

and reported in a manner that ensured patient anonymity.

Ethical approval was obtained from St. Jam es’s Hospital Research Ethics Committee 

for all studies. The Committee operates according to the general principles o f medical ethics 

including the Declaration o f Helsinki. The Committee also complies with the relevant 

provisions o f the International Conference on Harmonisation Guidelines on Good Clinical
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Practice and with Clinical Trials legislation enacted in Ireland. Care was taken to inform the 

participants o f their freedom to refuse participation in the study.

Written informed assent for inclusion in the sepsis study was obtained by Dr Mary 

White from the legal next o f  kin in cases where patients were unable to consent themselves. 

In individuals who recovered from the septic insult, their inclusion in the study was discussed 

with participants when they were capacitated to give informed consent. In the sepsis study 

there was no refusal for participation. In the thoracic study, bacteraemic cohort and healthy 

controls, written informed consent was obtained from the study participants. One potential 

study participant declined inclusion in the study. An information leaflet was provided to each 

participant or a consenting next o f kin. A copy o f the patient information sheet and consent 

form for septic study is found in Appendix 10. A copy o f the patient information sheet and 

consent form for thoracic study is found in Appendix 11.
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Laboratory m ethods 

Preparation of DNA standards

Pre-prepared cytokine standards

The DNA standards for IL-ip, IL-6, IL-17A, 1L-17F, TNFa, IL-10, IL-12p35, lL-21, IL- 

23pl9, p-actin, IFN-y, and TGF-pi consisted of a cloned PCR product that encompassed the 

quantified amplicon. This was prepared by PCR from a cDNA population containing the 

target mRNA. These standards were a kind gift from Dr Patrick Stordeur, Hopital Erasme, 

Brussels, Belgium. Primer sequences and reaction conditions are given in the appendix (A.2).

Stock solutions of standards, containing lO'*̂  cDNA copies per [al of each gene 

{IL-ip, IL-6, IL-10, IL-I2p35, IL-I7A, IL-17F, TNFa, IL-21, IL-23pl9, IFN-y, TGF-lj3)were

* • 9 2aliquoted and stored at -20°C. A dilution series from 10 to 10 copies per ).il was prepared in 

each case and stored at 4°C. The standards were diluted in TE buffer (lOmM Tris-HCl, ImM 

EDTA, pH 8.0) containing double-stranded herring DNA (Sigma) at 10|.ig/ml.

Preparation of the IL-2, IL-7, IL-15, Bim, Bax, Bcl-2, FADD, Caspase 3, Caspase 8 and 

Caspase 9 standards

The DNA standards fo r  IL-2, IL-7, IL-15, Bim, Bax, Bcl-2, FADD, Caspase 3, 

Caspase 8 and Caspase 9 were prepared from plasmids purchased from Open Biosystems 

(Plasmid ID listed in appendix A3). Each plasmid consisted o f a cDNA clone of the 

applicable cytokine inserted into a vector.

Plasmid Culture Conditions {IL-2, 7, 15, Bax, Bcl-2, Bim, FADD, CaspaseS, Caspase 8, 

Caspase 9)
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An E. coli culture harbouring the recombinant vector carrying the gene of interest was 

streaked onto an LB agar plate with the addition of the appropriate antibiotic and incubated at 

37°C overnight. All media were prepared using Millipore 18 MQcm"' grade water and 

chemicals obtained from Sigma. Media were sterilised by autoclaving at 120°C for 20 min 

prior to use. Additives not suitable for autoclaving were sterilised by filtration through 0.2 

f-im Millex filters (Milipore). A single colony was isolated from each plate and streaked onto 

another plate.

Bacteria were routinely grown on LB agar plates and in shaken aerobic liquid cultures 

at 37“C, except where otherwise stated. Liquid cultures were inoculated by transferring single 

colonies from agar plate cultures into an appropriate volume of L broth and grown overnight. 

These steps ensure the isolation of a clone of a single bacterium. Details of lL-2, 7, 15, Bim, 

Bax and Bcl-2, FADD, caspase 3, caspaseS, and caspase 9 plasmids and corresponding 

antibiotics are given in appendix (A3).

Antibiotics and media additions

All stock antibiotics and media additives were filter sterilised through 0.2 fim Millex 

filters (Millipore) and stored at -20°C. Carbenicillin was prepared as a 50 mg/ml stock in 

ddHaO and used at a working concentration of 50 |J.g/ml. Chloramphenicol was prepared as a 

10 mg/ml stock in 70% (v/v) ethanol and used at a concentration o f 10 p-g/ml.

Large-scale purification of plasmid DNA

The Fast Ion Plasmid Midi kit Fast Ion™ (Cat No YP125/YPM10) was used to purify 

plasmid DNA from 100 ml overnight cultures of E-coli. Purification was earned out



67

according to the m anufacturers instructions using a m odified alkaUne lysis m ethod. Briefly, 

depending on plasm id copy-num ber, bacteria from a 3-10 ml overnight culture were 

harvested and lysed in an alkaline solution containing SDS, to denature proteins, and RNase, 

to degrade RN A. The alkaline conditions also denatured both the chrom osom al and plasm id 

DNA w hich was released upon cell lysis. The solution w as then rapidly neutralised causing 

the plasm id D N A  to re-anneal and the chrom osom al D N A  to precipitate. The cleared lysate 

is passed through a cation-exchange colum n, which binds the re-natured plasm id DNA. The 

colum n w ith bound DNA was w ashed repeatedly and the D N A is eluted in a high-salt buffer. 

The DNA is then further purified and desalted by precipitation w ith isopropanol and 

resuspended in ddH 2 0 .

Restriction endonuclease digestion of DNA

All restriction digests were carried out using enzym es supplied by N ew  England 

Biolabs (N EB ) according to the m anufacturers instructions. Briefly, 0.1-2 fj,g o f  purified 

DNA was incubated w ith 10-20 U o f  restriction enzym e in the appropriate N EB buffer for 2 

h at the appropriate tem perature. D igests w ith m ultiple enzym es w ere carried out in the 

recom m ended double digest buffer or in an appropriate buffer in which all enzym es had 

100% activity. W here no suitable buffer was available sequential digests were performed. 

Details o f  restriction enzym es and NEB buffer for each plasm id is given in appendix (A3). 

Agarose gel electrophoresis

DN A sam ples were visualised following separation on a 0.8-1%  agarose gel, 

depending on the size o f  the DNA. Briefly, for a 1% gel, agarose (1 g) was added to 100 ml 

o f  0.5X TB E buffer (44.5 mM tris borate, pH 8.3, 1 m M  E DTA) and heated to 100°C to 

dissolve the agarose. Ethidium  brom ide was added to a final concentration o f  1 |ag/ml when
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the gel had cooled sufficiently and the molten gel was poured into a gel mould and allowed 

to set. DNA samples were prepared by adding an appropriate volume of 5X sample loading 

buffer (25 mM tris pH 7.6, 30% (v/v) glycerol, 0.125% (w/v) bromophenol blue) and these 

samples were electrophoresed through the gel at 135 V for 45 min in 0.5X TBE buffer. The 

separated DNA fragments were photographed while illuminated under UV light. Single and 

double restriction digestion procedures were performed by the methods o f Sambrook et al 

[Sambrook J  Molecular Cloning A laboratory manual (Third Edition) 2000] using 

appropriate restriction endonucleases and visualised as in figure 2.1.
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Figure  I: Double  Digest Cels; IL-2 IL7 IL IS  Bcl-2 Bax a nd  DNA ladder

Gel A
L a d d e r  IL-2 IL-7 IL-15 L a d d e r

Cel B 
L a d d e r  Bcl-2 Bax

C e I C
L a d d e r  Bim

Figure 2.1: Gel A; 1% agarose DNA Gel: Lane 1 contains a I kb ladder. Lane 2 contains linear
plasmid IL2 DNA following double restriction enzyme digestion with EcoRI a n d X b a l. Lane 3 contains 
linear plasm id IL7 DNA following double restriction enzym e digestion with X b a l  and Ecorl. Lane 4 
contains linear plasmid IL-15 DNA following double restriction enzym e digestion with X b a l and 
EcoRI. Gel B: 1% agarose DNA Gel: Lane I contains a I kb ladder. Lane 2 contains linear plasmid Bcl- 
2 DNA follow ing double restriction enzyme digestion with Sail and X h o l.  Lane 3 contains linear 
plasmid Bax DNA following double restriction enzym e digestion with Stull and X h o l. Gel C; J% 
agarose DNA Gel: Lane I contains a Ikb ladder. Lane 2 contains linear plasmid Bim DNA following 
double restriction enzym e digestion with N col and Cla 1.



70

Figure 2.1 b Double Digest Gels; Bim, FADD, Caspase 3, Caspase 8 and Caspase 9

Ladder Bim FADD
Gel D

Caspase Caspase 8 Caspase Ladder
3 9

Figure 2.1 b;

Gel D: 1% agarose DNA Gel: Lane 1 contains a 1 kb ladder. Lane 2 contains linear 
plasm id Bim DNA following double restriction enzyme digestion with Nco 1 and Cla 
1. Lane 3 contains linear plasmid FADD DNA following double restriction enzym e 
digestion Xhol and EcoRL Lane 4 contains linear plasmid Caspase 3 DNA following 
double restriction enzym e digestion with Notl and Sail. Lane 5 contains linear 
plasm id Caspase 8 DNA following double restriction enzym e digestion with N otl and 
EcoRV. Lane 6 contains linear plasmid Caspase 9 DNA following double restriction 
with Xhol and EcoRI. Lane 7 contains a 1 kb ladder.
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Clone Verification

The IL2, IL7, IL-15, Bim, Bax and Bcl-2 clones were sequenced commercially to 

confirm their sequence and identities (MWG-Biotech, Ebersberg, Germany). The insert 

sequences were verified against the GeneBank sequence for lL-2, IL-7, IL-15, Bim, Bax and 

Bcl-2 using BLAST.

Quantification of DNA

DNA was quantified and qualified using the Nanodrop® ND 8000 (220-750nm) full 

spectrum spectrophotometer. A l|al sample o f  DNA was placed on the measuring pedestal. 

The pedestal is actually the end o f a fibre optic cable (receiving fibres). A second set o f fiber 

optic cables (the source fiber) are then brought in contact with the liquid sample, causing the 

liquid to bridge the gaps between the fiber optic ends. A pulsed xenon flash lamp provides 

the light source and a spectrometer using a linear CCD array was used to analyse the light 

that passes through the samples. Absorbance measurements were made which can be used to 

quantify the concentrations o f molecules (e.g. nucleic acids) absorbing at a specific 

wavelength. Nucleotides, RNA, ssDNA and dsDNA all absorb at 260 nm and contribute to 

the overall absorbance. The ratio o f  absorbance at 260 nm and 280 nm was used to assess the 

purity o f DNA and RNA. A ratio of -1 .8  is accepted as “pure” for DNA; a rafio -2 .0  is 

accepted as “pure” for RNA. If the ratio is lower it indicates the presence o f contaminants 

such as proteins. The 260/230 ratio is used as a secondary measure o f nucleic acid purity. 

The 260/230 values for “pure” nucleic acid are expected to be in the range o f 2.0-2.2. The 

absorbance spectrum in figure 2 indicates a DNA concentration o f 3250.1 ng/|al, with a 260- 

280 ratio o f 1.86 and a 260-230 ratio o f 2.16. The absorbance spectrum for lL-2, IL-7, IL-15, 

Bim, Bax and Bcl-2 are presented in table 2.1.

Table 2.1: Absorbance spectrum of standards at 1 230
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Target Gene A260 A280 260/280 260/230 Cone

Standard 10mm path 10mm path ng/Ml

IL2 10.314 5.548 1.86 2.05 515.7

IL7 67.852 37.271 1.83 2.08 3365.6

IL-15 17.464 8.312 1.86 2.10 698.6

Bim 14.346 6.651 1.96 2.10 573.8

Bax 23.655 11.262 2.10 2.00 946.3

Bcl-2 12.975 6.028 1.84 2.10 519.0

Table 2.1; Absorbance spectrum (k 230) for IL-2, IL-7, IL-15, Bim, Bax and Bcl-2. A = 
Absorbance. Concentration expressed as ng/|.il. X =wavelength.

C reating a Standard C urve with a Plasmid DNA tem plate.

A Standard Curve was created with the Plasmid DNA template as per “Creating 

Standard Curves with Genomic DNA or Plasmid DNA Templates for Use in qRT- 

PCR”(wk’m’. appliedbiosystems. com/siipport/tiitorials/pcif/cjuant _pcr.pdf).

The DNA standards consisted o f a cloned PCR product that encompassed the target amplicon 

prepared by PCR from a cDNA population containing the mRNA of interest. In order to 

quantify transcript levels a standard curve was constructed, for each PCR run, for each 

selected mRNA target from 10 fold serial dilutions o f the relevant standard. All standard 

curves showed correlation coefficients >0.99, indicating a precise log linear relationship. The 

efficiency o f the standard curves for all target cDNA was greater than 96%. The mRNA copy 

numbers were then calculated for each patient sample using the standard curve to convert the 

obtained crossing threshold (Ct) value into mRNA copy numbers. Results were then 

expressed in absolute copy numbers after normalisation against P-Actin mRNA (mRNA 

copy numbers o f cytokine mRNA per 10 million P-Actin. The efficiency o f the standard 

curves for all target cDNA was greater than 96%. The mRNA copy numbers were then



73

calculated for each patient sample using the standard curve to convert the obtained crossing 

threshold (Ct) value into mRNA copy numbers. Results were then expressed in absolute copy 

numbers after normalisation against y9-actin mRNA (mRNA copy numbers o f cytokines 

mRNA per 10 million y5-acti« mRNA copy numbers).

Isolation of cDNA from PBLs 

PBL isolation

Immediately on obtaining a blood sample, PBLs were purified by density gradient 

centrifugation o f 15mls o f EDTA anticoagulated blood, at 400g for 30 minutes, over density 

gradient media lymphoprep (Nycomed Pharma, Oslo, Norway). The interface buffy layer o f 

cells was collected by pipetting and subsequently washed for 4 cycles in Hanks Balanced Salt 

Solution (HBSS) without Calcium and Magnesium. Cells were subsequently stored at -80°C, 

resuspended in RLT lysis buffer (Qiagen) and 6|.d 14.3M 2-M ercaptoethanol (Sigma) until 

further analysis.

Total RNA extraction and quantification

Total RNA was isolated from lysed PBLs using a commercially available kit (Qiagen) 

following the manufacturers instructions. During this procedure all samples were treated with 

RNase-free DNase (Qiagen) for 15 minutes, in order to remove and thus avoid amplification 

o f contaminating genomic DNA. The quantity and purity o f extracted RNA was assessed 

using the Nanodrop ND 1000 UV-Vis spectrophotometer (Labtech International, UK). This 

technology allows nucleic acid quantification from samples as small as 1 |J.L with consequent 

savings in biological material. A typical absorption spectrum is presented in graphical format 

in the appendix (A.5). The integrity o f the extracted mRNA was verified on an Agilent 2100 

Bioanalyser using the RNA Nano LabChip kit (Agilent, CA, USA) (figure 2.2). Whereas
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standard agarose RNA gels require up to 200ng o f RNA, this method requires just lOng of 

RNA thus offering significant advantages when the amount o f starting material is limited.
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Figure 2.2 RNA integrity verification using Agilent 2100 Bioanalyser 

using the RNA Nano LabChip kit
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Figure 2.2 Agilent 2100 Bioanalyser. A)The two bands depicted in the gel-like 
image are the 28s (top) and 18s (bottom) fragments o f ribosomal RNA. The bands 
are sharp and clear with the 28s band displaying approximately twice the intensity 
o f  the 18s band indicating that the RNA has not been degraded.
B) The electropherograms display high quality total RNA with the 18s and 28s 
fragments clearly visible at 40 seconds and 47 seconds.
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Reverse Transcription

Preparation for reverse transcription took place in a laboratory area separate from that 

used for dealing with DNA and QRT-PCR. One set o f pipettes, reagents and disposable 

pipette tips were used exclusively for this step to prevent contamination o f the samples.

Total RNA was reverse transcribed as follows: 11.15)^1 o f  water containing 500ng o f 

total RNA was mixed with 2).d 100f.iM Random Primers (Invitrogen, CA, USA) and 

incubated at 65°C for 10 minutes to denature any RNA secondary structure present. 

16.85f.ll o f the reverse transcription mix containing the following components were then 

added: (1) 3|.il O.IM DTT; (2) 4.5|.d Dimethyl Sulfoxide: (3); (4) 1.25)al Moloney Murine 

Leukemia Virus (MMLV) reverse transcriptase (Invitrogen); (5) 6|.il SXFirst Strand 

Buffer (Invitrogen); (6) 1.5|.U 4mM dNTPs (Promega, Madison MI, USA); 0.6)al RNasin 

(Promega) 10u/).il. The samples were then incubated at 37°C for 1 hour.

We used random hexamers for priming the reverse transcription rather than specific 

primers or oligo-dT to ensure maximisation o f potentially small amounts o f available 

mRNA.

We used MMLV reverse transcriptase, due to its lack o f inherent RNAaseH activity. This 

is important when synthesising lengthy amplicons during PCR.

Quantitative Real Time Polymerase Chain Reaction (qRT-PCR)

qRT-PCR was carried out using the Applied Biosystems Division 7700 Sequence 

Detector, provides an accurate method for determination o f levels o f specific mRNA 

sequences in tissue samples. It is based on detection o f a fluorescent signal produced 

proportionally during amplification o f a PCR product. Turn-around time for data acquisition
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and analysis by real-time PCR with the 7700 model is short, and results are more reliable 

than by traditional PCR methods. qRT-PCR is a relatively new technology that provides a 

broad dynamic range (at least five orders of magnitude) for detecting specific gene sequences 

with excellent sensitivity and precision. DNA and RNA can be quantified using this detection 

system without laborious post-PCR processing.

The Detection System

qRT-PCR using the Applied Biosystems sequence detector is based on detecfion of a 

fluorescent signal produced proportionally during the amplification of a PCR product. The 

chemistry is the key to the detection system (figure 2.3). A probe (i.e. TaqMan) is designed 

to anneal to the target sequence between the traditional forward and reverse primers. The 

probe is labeled at the 5' end with a reporter fluorochrome (usually 6-carboxyfluorescein [6- 

FAM]) and a quencher fluorochrome (6-carboxy-tetramethyl-rhodamine [TAMRA]) added at 

any T position or at the 3’ end. The probe is designed to have a higher Tm than the primers, 

and during the extension phase, the probe must be 100% hybridized for success of the assay. 

As long as both fluorochromes are on the probe, the quencher molecule stops all fluorescence 

by the reporter. However, as Taq polymerase extends the primer, the intrinsic 5' to 3' 

exonuclease activity of TaqUHA. polumerase degrades the probe, releasing the reporter 

fluorochrome. The amount of fluorescence released during the amplification cycle is 

proportional to the amount of product generated in each cycle.
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Figure 2.3: Detection of a fluorescent signal produced 
proportionally during the amplification of a PCR product
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Figure 2.3. Fluorogenic 5' nuclease chemistry. (1) Forward and reverse primers are extended 
with Taq polymerase as in a traditional PCR reaction. A probe with two fluorescent dyes 
attached anneals to the gene sequence between the two primers. (2) As the polymerase 
extends the primer, the probe is displaced. (3) An inherent nuclease activity in the 
polymerase cleaves the reporter dye from the probe. (4) After release of the reporter dye from 
the quencher, a fluorescent signal is generated.

In brief, the 7700 detection system consists of a 96-well thermal cycler connected to a 

laser and charge-coupled device (CCD) optics system. An optical fiber inserted through a 

lens is positioned over each well, and laser light is directed through the fiber to excite the 

fluorochrome in the PCR solution. Emissions are sent through the fiber to the CCD camera, 

where they are analyzed by the software's algorithms. Collected data are subsequently sent to 

the computer. Emissions are measured every 7 seconds.

The sensitivity of detection allows acquisition of data when PCR amplification is still



80

in the exponential phase. This is determined by identifying the cycle number at which the 

reporter dye emission intensities rises above background noise; this cycle number is called 

the threshold cycle (Ct) (figure 2.4). The Ct is determined at the most exponential phase o f 

the reaction and is more reliable than end-point measurements o f accumulated PCR products 

used by traditional PCR methods. The Ct is inversely proportional to the copy number o f  the 

target template; the higher the template concentration, the lower the threshold cycle 

measured.
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Figure 2.4:Amplif1cation W indow after qRT-PCR run
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Figure 2.4. One o f  the views available after completion o f the run is an amplification window. 
This window shows the amount o f fluorescence obtained in each amplification cycle for each 
reaction. The threshold cycle (Ct) is shown by the darker horizontal line.

The ABI prism establishes the levels o f background fluorescence for each particular 

run. An algorithm is used to define a fluorescence background threshold. The algorithm then 

searches the data from each sample for a point that exceeds the baseline. The cycle at which 

this occurs is defined as the Crossing Threshold (Ct). It is dependent on the starting template 

copy number and the efficiency o f the PCR amplification. The fewer cycles it takes to reach 

a detectable level o f fluorescence, the greater the initial copy number. A typical output graph 

from the ABI Prism 7700 is depicted in figure 2.4.

Errors in the quantification o f mRNA transcripts are compounded by any variation in 

the amount o f  starting material. The accepted method for minimising these errors and 

correcting for sample-to-sample variation is to amplify, simultaneously with the target, a 

cellular RNA that serves as an internal reference against which other RNA values can be 

normalised. The ideal standard should be expressed at a constant level among different
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tissues o f an organism and should be unaffected by any treatment. We used P-actin as the 

housekeeping reference gene in this study, which encodes a ubiquitous cytoskeletal protein 

and is expressed at moderately abundant levels in most cell types. Furthermore, p-actin is not 

affected by any o f the standard ICU medications. Following normalization using a 

housekeeping gene, absolute quantification then requires the construction o f an absolute 

standard curve for each individual amplicon using serial dilutions o f target DNA o f known 

concentrations. This allows precise determination o f copy numbers o f the gene o f interest by 

comparison with the standard curve.

Primers and Probes

All primer and probes used in this study were synthesized at Applied Biosystems 

(Foster City, CA, USA). TNFa, IL-27, IL-2, lL-7, IL-15, Bax, Bcl-2, Bim  and IL-10 primers 

and probes were obtained as a pre-customised mix (Assay ID listed in Appendix 4). P-actin, 

IL-12p35, IL-23, TGFp-1, IL-17A,1L-17F, IL-6, IL-lji, lL-21 and /FA^-y primers and probes 

were designed and customised (sequences listed in Appendix 5) as per Stordeur et al [2002].

Setting up the qRT-PCR reaction plate

The plate was set up in an extractor hood in a dedicated area not used for DNA work. 

A separate set o f  pipettes, reagents and disposable pipette tips were used exclusively for the 

qRT-PCR step to avoid contamination. The PCR reactions were carried out in an ABI Prism 

GeneAmp 7000 Sequence Detection System (Applied Biosystems). All reactions were 

performed either in triplicate or in duplicate.

Each qRT-PCR plate contained:

1) A dilution series o f the DNA standard o f the gene being quantified (in

6 2concentrations ranging from 10 to 10 copies per |iL),
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2) A dilution series o f the P-actin DNA standard (in concentrations

3)

ranging from 10  ̂to 10  ̂ copies per |al),

Triplicate or duplicate wells containing patient cDNA and primers and

probe for the gene being quantified,

4) For each patient being analysed on the plate, P actin was quantified

concurrently for that patient,

5) Non-template controls (NTCs) containing water in place o f  the patient

sample were run on each plate.

The concentrations o f the dilution series were designed to encompass the expected range o f 

copy numbers o f the genes being examined. Lack o f product in the NTC wells confirmed that 

no contaminating DNA was present in the reaction mix. A sample 96 well plate set-up is 

depicted in the appendix (A.6).

Primers, probes, cDNA and DNA standards were thawed on ice whilst preparing the 

PCR mix. Thermocycling was carried out in a 20|.d final volume containing: 

water up to 20|.d;

10|.il Mastermix (Applied Biosystems) containing ampli-Taq Gold® DNA 

polymerase and proprietry buffer designed to increase the performance and 

reliability o f the 5' nuclease activity.

1, 2 or 3 |.il o f 6 pmol/).il forward and reverse primers (final concentration 

300,600 or 900nM, see appendix, A .5);

l|a.l o f 4 pmol/)al Taqman Probe (final concentration 200nM) or l |i l  o f pre

customised primer/ probe mix with default prim er and probe concentrations 

(appendix, A .5);

0.8|,il o f DNA standard dilution or 2.4|.il patient cDNA.
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The 96-well optical reaction plate (Applied Biosystems) was centrifuged briefly and covered 

with an optical adhesive cover prior to analysis.

After an initial denaturation step at 95°C for 10 minutes, temperature cycling was initiated. 

Each cycle consisted o f  95°C for 15 seconds and 60°C for 60 seconds, the fluorescence being 

read at the end o f this second step. In total, 40 cycles were performed.

Interpretation o f the results

In order to quantify gene expression a standard curve was constructed for each qRT- 

PCR run, for each selected gene from serial dilutions o f the relevant standard. This was 

constructed by plotting log standard copy numbers against Ct values obtained from qRT-PCR 

(figure 2.5).

All calibration curves showed correlation coefficients >0.99, indicating a precise log-linear 

relationship.

Figure 2.5: Standard Curve for Interleukin-2

IL2 Standard Curve
-3.2x + 41.434 

= 0.996345
40

« Series 1 

 Linear (Series 1)20  -

Log Cone

Figure 2.5; Standard curve for quantification o f copy numbers. Log standard copy numbers 
are plotted on the X axis and Ct values obtained during qRT-PCR along the Y axis. The 
equation is the equation for the straight line along with an R value.
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The slope o f the standard curve can be used to determine the exponential 

amplification a efficiency o f the qRT-PCR reaction. A slope between -3.2 and -3.6 is an 

acceptable efficiency. The ideal qRT-PCR reaction has an efficiency o f 1.0092 and 

amplification o f  2.0092, this corresponds to a slope o f -3.3.

The efficiency (E) o f the PCR reaction was then estimated from each standard curve using 

the slope o f the line. Using the example in figure 2.5 and the formula:

j  Q-l/slope of the standard curve^ 1 0 0 '

E was found to be 99.53%. This indicates that the PCR amplicon approximately doubles in 

quantity during the geometric phase o f its PCR amplification.

The mean efficiency o f the standard curves for all target genes was found to be 98.75% +/- 

4.4%.

The mRNA copy numbers were then calculated for each patient sample by using the relevant 

standard curve to convert the obtained Ct value into mRNA copy numbers. Results were then 

expressed in absolute copy numbers after normalisation against P-actin mRNA (mRNA copy 

numbers o f  cytokine mRNA per 10 million P-actin mRNA copy numbers).

Serum

Serum collection

Serum was obtained from whole blood clotted for 30 minutes at room temperature 

and centrifuged at 900g for 10 minutes. The resulting serum was stored at -80°C until further 

analysis.

Analysis of cytokine concentrations in serum
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We first confirmed the presence o f  protein in the serum samples using the Bradford 

method [Bradford 1976], in a random selection o f samples prior to ELISA measurement. 

This is a colorimetric assay for measuring total protein concentration and involves the 

binding o f Coomassie Brilliant Blue dye to protein. Bradford reagent (Bio-Rad Laboratories, 

GmbH, Munich, Germany) is mixed with a protein standard. Bovine Serum Albumin (BSA) 

(Sigma), in concentrations ranging from 0 to 1 mg/ml). Absorbance at 595nm was measured 

using a microplate autoreader (Spectrafluor Plus, Tecan, Toronto, Canada). Using the 

standard curve generated from the BSA the unknown protein concentrations were 

determined.

Cytokine Enzyme Linked Immunosorbant Assay (ELISA)

The basic principle o f an ELISA is to use an enzyme to detect the binding o f antigen 

(Ag) antibody (Ab). The enzyme converts a colorless substrate (chromogen) to a colored 

product, indicating the presence o f Ag:Ab binding. An ELISA can be used to detect either 

the presence o f Ags or Abs in a sample, depending on how the test is designed. Serum IL-1(3, 

IL-2, IL-6, IL-7, IL-17, IL-23, TGF-P and IFN-y concentrations were measured by ELISA 

(R+D systems, Minneapolis, USA) following the manufacturers instructions.

In brief these assays employed the quantitative sandwich enzyme immunoassay 

technique. A monoclonal antibody specific for the target protein was pre-coated onto the 

microplate. Standards and samples were pipetted into the wells and any target protein present 

is bound by the immobilised antibody. After washing away any unbound substances, an 

enzyme-linked polyclonal antibody specific for the target cytokine is added to the wells. 

Following a wash to remove any unbound antibody-enzyme reagent, a substrate solution is
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added to the wells and colour develops in proportion to the amount o f target protein bound in 

the initial step. The colour development is stopped and the intensity o f the colour is 

measured.

IL -ip  assay consisted of £.co//-expressed recombinant human IL -ip  and antibodies 

raised against the recombinant factor. The standard curve was generated using serial 

dilutions o f recombinant human IL-ip. The lower limit o f detection for IL -ip  was 0.4 

pg/ml.

Capture antibodies for IL-2 consisted o f mouse anti-human IL-2. The detection 

antibodies were biotinylated goat anti-human IL-2 and the standard curve was generated 

using serial dilutions o f recombinant human IL-2. The lower limit o f detection for IL-2 was 

31.2 pg/ml.

Capture antibodies for lL - 6  consisted o f mouse anti-human IL-6 . The detection 

antibodies were biotinylated goat anti-human IL - 6  and the standard curve was generated 

using serial dilutions o f recombinant human IL-6 . The lower limit o f detection for IL - 6  was 

1.0 pg/ml. Similarly, capture antibodies for IL-7, IL-17, IL-23, TGF-(3 and IFN-y were mouse 

anti-human IL-7, mouse anti-human IL-17, mouse anti-human IL-23, mouse anti-human 

TGF-P and anti-human IFN-y. The detection antibodies were biotinylated goat anti-human 

IL-7, anti-human IL-17, anti-human IL-23, anti-human TGF-(3 and anti-human IFN-y and the 

standard curve was generated using the respective recombinant proteins. The lower limit o f 

detection for IL-7 was 0.57 pg/ml, IL-17 was 3 pg/ml, IL-23 was 3.59 pg/ml, TGF-P was 35 

pg/ml and IFN-y was 6.59 pg/ml.

After addition o f Streptavidine-HRP, followed by the Substrate Solution (1:1 mixture 

o f H2 O2  and Tetramethylbenzidine), the plates were left in the dark for 10-30 minutes before 

stopping the reaction with the addition o f H2 SO4 . Absorbencies were read at 450 and 595nm 

in a microplate autoreader (Spectrofluor Plus, Tecan). All samples were tested in duplicate.
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In vitro stimulation of peripheral blood leukocytes

Blood samples were collected from 5 healthy controls and 5 patients with severe 

sepsis at one time point. PBLs were isolated and cultured in 24 well plates at 10^ cells/ml in 

RPMI 1640 supplemented with 10% (vol/vol) FCS and 2mM glutamine HEPES. Cells were 

incubated in medium alone or stimulated with either 1 |ig/ml lipopolysaccharide (LPS) for 

24hrs (to activate monocytes and B cells), 3 |ag/ml anti-CD3 (mAb) for 4 hours (to activate T 

cells), or 10 ng/ml phorbol myristate acetate (PMA) + l^M  ionomycin for 4 hours (to 

activate all cells). Each experiment was performed in the absence and presence o f 5011 rIL-2. 

2x10^ PBLs were harvested immediately for flow cytometry and remaining cells were lysed; 

total RNA was isolated and reverse transcribed as described above.

Flow Cytometry

Flurochrome-labelled monoclonal antibodies specific for CD3, CD4, CDS, CD56, CD127, 

CD25, CD 19, IFN-y and IL-2 and isotype-matched control antibodies were obtained from 

BD Biosciences. PBLs (2x10^) were stained for cell surface antigen expression at 4°C in the 

dark for 30 minutes, then washed twice in 2 mL phosphate-buffered saline containing 1% 

bovine serum albumin and 0.01% sodium azide (FACS Wash) and subsequently fixed in 200 

|iL  o f 1% paraformaldehyde (Sigma-Aldrich, St Louis, MO). Isotype-matched fluorescently- 

labelled control antibodies were used to determine background levels o f staining. 

Lymphocytes and monocytes were identified by characteristic forward scatter and side 

scatter parameters and T cells, NK cells and monocytes were defined as CD3"^, CD3'CD56'^ 

and CD 14^ populations, respectively. Results are expressed as % positive o f gated population.
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Statistical Analysis

All data were analysed using JMP software (SAS institute, USA). A p value o f 0.05 was 

considered significant. Data were assessed for conformity to a normal distribution using a 

Shapiro-W ilk W ' test. Paired means incorporating non-parametric data were analysed using 

the Wilcoxin signed-rank sign test. Between group comparisons involving non-parametric 

continuous data were analysed using the W ilcoxin rank sum test. Continuous non-parametric 

data were subsequently expressed as the median with the 10-90 centile range in parenthesis.

Between group comparisons for parametric continuous data was analysed using a 

paired t-test for matched pairs and a t-test for independent groups. Parametric data were 

subsequently expressed as the mean with the standard deviation (SD) in parenthesis. 

Categorical data were analysed using a chi-squared test.
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Chapter 3 — Results (1): Demographics and clinical variables of the patient

groups
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Introduction

Two prospective observational studies were performed to investigate changes in 

cytokine gene expression in peripheral blood leukocytes.

The first study (Sepsis study) compared and contrasted the immunereaction in three 

study groups:

• Group 1: healthy controls;

• Group 2: patients with an appropriate bactericidal response to gram-negative 

bacteraemia, this group o f patients had a documented gram-negative bacteraemia on 

peripheral blood culture but without sepsis;

• Group 3: patients admitted to the Intensive Care Unit with severe sepsis or septic 

shock.

The second study (Thoracic study) recruited patients undergoing elective 

pneumonectomies or lobectomies. The aim o f this study was to investigate the relationship 

between perioperative change in cytokine gene expression and the occurrence o f post

operative pneumonia.
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Aims

1 .

2 .

To assess whether the demographic data o f the sepsis and infection cohort are in 

accordance with other pubhshed data.

To assess whether the lung resection cohort are in accordance with other published 

data.
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ICU Group 

Day 1

This study was conducted in St Jam es’s Hospital, Dublin, Ireland, and was 

approved by the institutional ethics committee. Informed written consent was obtained from 

each patient or a relative. A total o f 60 consecutive patients presenting with severe sepsis or 

septic shock, as defined by the American College o f Chest Physicians/Society o f  Critical 

Care Medicine Consensus Conference [Bone et al 1992], as a primary admission diagnosis 

and fulfilled the inclusion criteria were enrolled over 12 months. All ICU patients received 

similar standardised care. The patients’ median age was 72 years (IQR 53.5 -  79 years). The 

range o f  ages was from 18 to 85 years. More males (33 [52%]) than females (27 [48%]) were 

recruited; this difference was not statistically significant (p=0.5).

Blood samples were drawn from 60 (100%) patients on day 1. A median o f 10.7 

hours (IQR 6.3 to 14.4 hours) elapsed from patient admission to the ICU and blood sampling 

on day 1. The median interval between hospital admission and ICU admission was 2.7 days 

(IQR 0 to 15 days).

Admission to ICU was then analysed for seasonal variation. Sixteen (26.7%) patients 

were admitted in the spring. Five (8.3%) patients were admitted in the summer. Fifteen 

patients (25%) were admitted in the autumn and 24 patients (40%) were admitted in winter. 

The difference in patient numbers being admitted per season was not statistically significant 

(p=0.22). Additionally, there was no association between the season o f admission and 

mortality, or severity o f illness by the organ failure scores on day 1 o f ICU admission. The 

site o f  infection was not associated with any seasonal variation, nor was patient age 

associated with any seasonal variation.

On admission to ICU, 58 (98%) patients fulfilled the criteria for septic shock, the 

remaining 2 patients fulfilled the criteria for severe sepsis only. For the purpose o f this study
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“inotropes” refers to the administration o f either adrenaline or dobutamine in order to 

maintain a mean arterial blood pressure (MAP) greater than 60 mmHg, and “vasopressors” 

refers to the administration o f either noradrenaline or vasopressin to maintain a MAP greater 

than 60 mmHg. The majority o f  patients requiring inotropes or vasopressors on admission to 

ICU received noradrenaline alone (42 patients) with a minority receiving both noradrenaline 

and adrenaline (9 patients), 3 patients received noradrenaline, adrenaline and dobutamine, 4 

patients received noradrenaline and dobutamine and 2 patients did not require vasopressors 

or inotropes. In thosepatients receiving noradrenaline, the median dose administered on day 1 

was 21.5 |o.g/min (IQR 4 to 38 |j,g/min).

All subsequent data in this section refers to patient variables on admission to the ICU 

unless stated otherwise.

Median creatinine levels were 113 mg/dL (IQR 78 to 192 mg/dL). Median bilirubin 

levels were 13.5 mg/dL (IQR 8.25 to 34 mg/dL) and median AST was 44 units/L (IQR 19 to 

82 units /L). On admission to the ICU the median Pa02/Fi02 ratio was 142 (IQR 90 to 231). 

Demographics o f  the septic patients on admission to the ICU are presented in table 3.1.
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Table 3.1 Patient Demographics of the septic patients on day 1 admission to ICU

Sepsis

N 60

Age 72 (53.5-80)

Gender (Female) 27 (48%)

Apache 25 (21-28)

SOFA 10(12-14)

SAPS2 46 (38-51)

MODS 8.5 (6 .5 -9 .5 )

Septic Shock 58 (98%)

Mortality 18(30% )

Urinary Output (24 hrs) 1145 mL (580 to 2360 mL)

MAP 72 mmHg (60 to 76 mmHg)

Lactate 4.2 mg/dL (1.2 to 6.2 mg/dL)

Bilirubin 13.5 mg/dL
(8.25 to 34 mg/dL)

Creatinine 113 mg/dL
(78 to 192 mg/dL)

Urea 12.6 mg/dL
(6.3 to 17.4 mg/dL)

PaOz/FiOj 142
(90 to 231)

pH 7.31 (7.26 to 7.36)

Site of Infection

Respiratory 25(42%)
Abdominal Infection 28 (48%)
Urinary 0
Other infection 6 (10%)

Table 3.1 Patient demographics o f Septic Patients on Day 1 o f ICU admission. Values 
are either absolute count with percentages in parenthesis or median values with inter-quartile 
range in parenthesis.
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On admission to the ICU the most common infective site was abdominal infection, 

accounting for 28 (46%) o f all infections. Respiratory infections were the second most 

prevalent, with 25 patients (43%) followed by soft tissue infection (7%), central nervous 

system in 3% and infective endocarditis in 1% (figure 3.1). 18 (30%) patients did not have 

positive bacterial cultures. Where an organism was isolated, gram-positive organisms were 

the most common (59%), followed by gram-negative (39%) and fungal pathogens (4%).

Figure 3.1 Source of Infection on Admission to ICU

Aljcloniinal

Soft T issue

Infective  
Eiulocarclitis 

CSF InfectionSource of Infection on admission to ICU

Figure 3.1: Frequency o f the source o f infectious insults in the ICU patients. This pie chart 
depicts the breakdown o f their infectious insults necessitating their ICU admission.

The mean SAPS2 score was 64 (SD 17), the mean SOFA score was 12 (SD 3.8), the 

mean MODS was 10 (SD 2.6) and the mean APACHE II score was 24 (SD 6.7). There was 

no association between the type infection by culture (gram-negative infections compared to 

gram-positive and fungal infection) and severity o f organ failure.
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Day 7

46 (77%) patients had blood drawn and analysed on day 7 o f ICU stay. 46 (77%) 

patients had blood samples drawn and analysed at both time points.

On day 7, 23 (50%) patients were shocked with the remaining 23 (50%) fulfilling the 

criteria for severe sepsis. The majority o f patients requiring vasopressor or inotropic support 

received noradrenaline (19 patients), 1 patient receiving dobutamine, no patients receiving 

adrenaline. Three patients required both noradrenaline and dobutamine. Where noradrenaline 

was administered on day 7 the median noradrenaline dosage was 16 io.g/min (IQR 4 to 26.4 

16 [ig/min).

On day 7 in ICU the median MAP was 68 mmHg (IQR 60 to 96 mmHg). The MAP 

was significantly lower in those patients requiring vasopressors and or inotropes (72 mmHg v 

86 mmHg, p=0.003). Mean CVP was 13 mmHg (SD 3.5) and there was no detectable 

difference in shocked and non-shocked patients.

The median pH was 7.40 (IQR 7.35 to 7.45) with patients requiring vasopressors and 

inotropes having a significantly lower pH than those not requiring inotropes (7.37 vs 7.42, 

p=0.0003). M edian lactate levels were 1.35 mg/dL (IQR 1.0 to 2.2 mg/dL) with the shocked 

group having significantly greater lactate than those not requiring inotropes or vasopressors 

(1.3 vs 2.2 mg/dL, p=0.02).

Median creatinine levels were 89.5 mg/dL (IQR 67 to 147 mg/dL) and higher 

creatinine levels were observed in shocked patients (128 vs 68 mg/dL, p=0.03). Median 24 

hour urinary output was 949 mis (IQR 75 to 2300 mis) with higher urinary output observed 

in the group o f  patients not requiring inotropes or vasopressors (2355 vs 450, p=0.001).

Median bilirubin levels were 10 mg/dL (IQR 5 to 17 mg/dL) and median AST levels 

were 38 units/L (IQR 25 to 88 units/L). Neither bilirubin nor AST was associated with the 

use o f inotropes or vasopressors.
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The median INR was 1.2 (IQR 1.1 to 1.4) and was similar in shocked patients and 

non shocked patients (1.3 vs 1.2, p=0.3). The remaining haematological variables, platelet 

count and APTT, were similar in shocked and non shocked groups.

The median Pa02/Fi02 ratio was 212 (IQR 163 to 278). Patients with lower ratios 

were more likely to be vasopressor dependent (117 vs 191, p=0.03).

The median MODS was 7 (IQR 4 to 10) and the median SOFA score was 9 (IQR 6 to

12).

Demographics for the ICU group on day 7 are presented in table 3.2.
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Table 3.2: Demographics of the ICU group on day 7

Shocked Non-shocked
p  value

N 23 23

Male 12(52% ) 13 (56%) ns

Age 72 (52 -  79) 68 (56 -  80) ns

MAP 72 (66-78) 86 (80 -  92) 0.002

Lactate 2.2 (1 .6 -3 .2 ) 1 .2 (1 .0 -1 .9 5 ) 0.01

SOFA score 9 ( 7 - 1 2 ) 4 (0 -  6) <0.0001

MODS 8 ( 7 - 1 0 ) 2(1-5) <0.0001

Urinary output 550 (1 0 0 -  1395) 1960 (1 4 8 8 -2 8 1 5 ) 0.0002

Site o f  in fection
Respiratory 12(52% ) 11 (48%) ns

Abdominal 11 (48%) 12(52% ) ns

Table 3.2 Demographics o f  Sepsis Patients on Day 7 ICU. Results are presented for the two 
groups; septic shock and severe sepsis on day 7 o f  ICU stay. W ilcoxon Rank Sum test was 
used. Values are either absolute count with percentages in parenthesis or median values with 
interquartile range in parenthesis. Age, years. MAP, mmHg. Lactate, mg/dL. Urinary output 
(mis in 24 hours), ns, non significant.
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Trend in clinical variables over time

Over the course o f the first week in ICU, the MAP increased an average o f 15mmHg 

(p<0.0001). There was no significant difference in CVP between day 1 and day 7 o f ICU 

admission (p=0.6). Lactate reduced by 1.5 mg/dL (p<0.0001) and pH increased by a mean of 

0.07 (p=0.0002).

Renal parameters showed similar improvements with urea levels decreasing by an 

average o f  3.2 mg/dL (p=0.04) and a non-significant reduction in creatinine over the first 

week o f ICU admission (mean difference 30 mg/dL, p=0.1). However, there was no change 

in the 24 hour urinary output during this period.

Hepatic parameters remained static, with no change in bilirubin or AST over the 

course o f the first 7 days o f ICU admission.

INR improved by a mean o f 0.5 (p=0.01), however other coagulation parameters such 

as platelets and APTTRwere unchanged.

The Pa02/Fi02 ratio improved by an average o f 60 in ICU patients over the course o f 

ICU admission in survivors.

These changes are reflected by an average improvement in SOFA score 7.5 (p=0.007) 

and in the MODS 3 (p=0.003) from admission to day 7.

Association of clinical variables to outcome

Overall mortality was 33.3%.

Patient age on admission had no effect on outcome (p=0.45). Similarly MAP and 

CVP on admission (p=0.29 and p=0.51 respectively) and again on day 7 (p=0.55 and p=0.77) 

were not associated with outcome. There was also no detectable association between the 

season o f admission to the ICU and outcome (p=0.83).
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The use o f inotropes or vasopressors on day 1 ICU admission was associated with 

outcome, with significantly higher doses o f noradrenaline required in the group that 

subsequently died (median 20 |j.g/min IQR 4.6 -  30) compared to the patients subsequently 

discharged from ICU (median 5 |xg/min IQR 2.4-16) p=0.004. Similarly in patients who 

survived to day 7 in ICU but subsequently died required higher doses o f noradrenaline

(p=0.0002).

Urea and creatinine on day 1 ICU admission, was similar in survivors and non

survivors with p=0.27 and p=0.09 respectively. However urine output (<0.5 mL/kg/hour) on 

day 1 was lower in non-survivors compared to group o f patients discharged from ICU 

(p=0.01). On day 7, a similar trend was observed with greater urine output > 1 ml/kg/hour in 

survivors (p=0.01).

A number o f metabolic parameters were associated with outcome on day 1 ICU 

admission. Reduced bicarbonate on admission was associated with non survival p=0.0002. In 

addition, an increase in measured lactate on both day 1 and day 7 was associated with 

reduced survival; p<0.001 and p=0.035 respectively.

There was no association between type o f infectious organism and outcome. In 

addition, there was no association between white cell response on day 1 or day 7 and patient 

outcome, p=0.08 and p=0.3 respectively.

Organ dysfunction scores differentiated between survivors and non-survivors on day 

1 o f ICU admission. The SOFA andMODS scores were significantly higher in non-survivors 

(p=0.0007, p=0.0034 on day 1, p=0.002 and p=0.0005 on day 7). This trend persisted on day 

7 in ICU stay with SOFA (p=0.0035), MODS (p=<0.0001).
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Bacteraemic Group 

Description

The bacteraemic group included 15 patients. The median age was 73 (IQR 70-82 

years). All patients had a gram-negative bacteria (GNB) isolated on peripheral blood cultures. 

The source o f bacteraemia was deemed to be the abdominal cavity in 4 patients (27%), the 

respiratory tract in 2 patients (13%), the urinary tract in 6 patients (40%>), and soft tissue 

infection in 3 patients (20%>). Twelve (80%) patients were medical admissions and 3 (20%) 

patients were surgical admissions.

The median white cell count was 11.5 (IQR 7.1 to 16.9) at the time o f recruitment and 

blood sampling. The median SOFA score was 1.0 (IQR 0 to 2) and the median MODS was 1 

(IQR 0 to 2) and was assessed at the time o f blood sampling using the same criteria as in the 

ICU group.

Comparison of ICU and Bacteraemic groups

There was no significant difference in age distribution between the bacteraemic group 

and the ICU group (Table 3.3)

The severity o f organ dysfunction scores was significantly higher in the sepsis group 

compared to the bacteraemic group at the time o f blood sampling. SAPS2, SOFA, 

APACHEII and MODS on ICU admission were higher in the sepsis group than in the 

bacteraemic group at the time o f sampling (Table 3.3).

White blood cell count was significantly higher in sepsis group compared to 

bacteraemic group p=0.01 (Table 3.3). There was a difference between groups regarding the 

site o f infection, with a significantly higher proportion o f the bacteraemic group (40%) with 

urinary tract as the primary infection whereas a urinary source o f sepsis was present in none 

o f the sepsis group.
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The sepsis group had a higher incidence o f renal impairment with significantly higher 

levels o f urea and creatinine in the sepsis group compared to the bacteraemic group (p=0.01 

and p=0.05 respectively). In addition, bilirubin and AST were significantly higher in the 

sepsis group compared to bacteraemic group (p=0.003 and p=0.005 respectively) (Table 3.3).
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Table 3.3: Comparison of ICU and Bacteraemic Group

ICU Group Bacteraemic Group P

N 60 15

Male 33 (55%) 9 (60%) ns

Age 72 (53-79) 73 (70-80) ns

SAPS2 67 (56 -77) 24 (21-27) <0.0001

SOFA 12(10-14) 1 (0-2) <0.0001

MODS 10(9-12) 1 (0-2) <0.0001

APACHE 11 25 (21-29) 7 (6-8) <0.0001

Mortality 19(33%) 0 0.02

wcc 16.3 (11.4-20.9) 11.5 (7.1-16.9) 0.01

Urea 11.1 (6.1-17.2) 5.9 (5.3-8.9) 0.01

Creatinine 145 (102-213.5) 104 (92-137) 0.04

Bilirubin 15(8.5-37) 7(5-12) 0.003

AST 40.5 (27-78.5) 22 (18-37) 0.005

ite o f  Infection

Respiratory 25 (42%) 2 (13%)

Abdominal 28 (48%) 4 (27%)

Urinary 0 (0%) 6 (40%)

Other 7(10% ) 3 (20%)

0.0001

Table 3.3 Comparison o f Bacteraemic and Sepsis Day 1 Groups. Wilcoxon Rank Sum test 
was used. All continuous variables are expressed as median and interquartile range. 
Categories are stated as absolute numbers with percentages in parenthesis. Apache - Acute 
Physiology and Chronic Health Evaluation; SOFA - sequential organ failure assessment.
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Thoracic Surgery Group 

Baseline Demographic Data

This study was conducted at St Janies Hospital, Dublin, Ireland, and was approved by 

the institutional ethics committee. Informed consent was obtained from each patient. A total 

o f  60 patients who were electively scheduled for lung resection surgery fulfilled the inclusion 

criteria and were recruited over 12 months. Patients with HIV infection, who had recently 

received cytotoxic drugs, or receiving long-term oral steroid therapy, were excluded. All 

patients received similar standardised care by the admitting thoracic surgical service without 

reference to the researcher. The patients’ median age was 65 years (IQR 58-70). The range 

o f  ages was from 41 to 82 years. More males (42 (70%)) than females (18(30%)) were 

recruited (p=0.2).

Blood samples were drawn from 60 (100%) patients as a baseline (Day 0) before 

surgery. The median interval between blood sampling and commencement o f surgery was 12 

hours (IQR 1 to 24 hours).

The median Body Mass Index (BMI) was 26.7 k g W  (± Standard deviation 1.15). 

There was no significant difference in BMI in the patient group that subsequently developed 

pneumonia (27.65±1.35) and the group that had an uneventful recovery (25.9±0.92); p=0.29.

The functional impairment o f the operative group was assessed with the Kamofsky 

Performance Scale Index [Buccheri et al 1996]. This score is used both to compare 

effectiveness o f different therapies and as a prognostic marker in individual patients. The 

lower the Kamofsky score (KS), the greater the degree o f physical impairment and the worse 

the survival for most serious illnesses. The mean patient Kamofsky score was 89.60 

±1.45(SD). There was no relation between the mean Kamofsky score and subsequent 

respiratory infection; pneumonia group 88.95 ±1.72 (SD) compared to the non-eventful 

recovery group 90.24 ±1.17(SD). The incidence o f cardiovascular co-morbidities was
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similar in patients who subsequently developed pneumonia (37%) and the uneventful 

recovery group 34%, p=0.57.

The primary operative diagnosis was non-small cell lung cancer (NSCLC) in 32 

(53%) patients. There was no significant difference in incidence o f NSCLC and subsequent 

pneumonia 24 (58%) and non-pneumonia 8 (42%) groups p=0.82.

Twenty-four patients (40%) were currently smoking up to the time o f surgery. 

Sixteen (26%) o f these patients did not go on to develop post-operative pneumonia whereas 

eight (13%) developed post-operative pneumonia. Twenty three patients (38%) had recently 

stopped smoking, i.e. stopped smoking 6 weeks prior to surgery. Fifteen (25%) o f these 

patients developed pneumonia, while eight (13%) patients who recently stopped smoking 

developed pneumonia. There was no significant difference between non-smokers, smokers 

and recent cessation o f smoking and the development o f pneumonia or uneventful recovery

p=0.18.

Association of intra-operative clinical variables to post-operative pneumonia

Fifty three (88%) patients underwent lobectomy and seven (12%) o f patients 

underwent pneumonectomy. Patients undergoing pneumonectomy had a significantly higher 

incidence o f post-operative pneumonia p=0.03.

All patients received perioperative antimicrobial cover for 24 hours after surgery. 

98% of patients received antimicrobial cover with a cephalosporin and 2% received 

antimicrobial cover with a fluroquinolone.

There was no significant difference on total duration o f anaesthesia time between 

patients who subsequent developed pneumonia (238.6 ±52 mins; mean±SD) and those with 

uneventful recovery group (233.0 ±40 mins; mean±SD); p=0.51. Similarly the duration o f 

one lung ventilation time and Pa02/Fi02 ratio was similar in both groups; p=0.19 and p=0.34
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respectively. All patients were weaned from mechanical ventilation after surgery. Study 

participants demographic data is outlined on Table 3. 4.



108

Table 3.4 Patient Demographic Data in Thoracic Surgery Group

Non-POP POP P value

Gender, M/F 29/12 13/6 0.86

Age in years 64.5+/-1.34 63.7+/-1.9 0.74

Body Mass index, kg/m 25.9+/-0.92 27.65+/-1.35 0.29

Kamofsky index score, mean +/-SD 90.24+/-1.17 88.95+/-1.72 0.54

NSCLC, n (%) 24 (58%) 8 (47%) 0.82

Currently smoking 16(39%) 8(42%)

Recent Cessation 15(36%) 8(42%)

Non Smoker 10(24%) 3(16%) 0.18

Cardiovascular co morbidity, n (%) 14(34%) 7(37%) 0.57

Preoperative FEVi, (%) 82.12+/-2.28 82.34+/-3.36 0.95

Type of operation

Lobectomy 39 14 0.99

Pneumonectomy 2 5 0.03*

Neoadjuvant chemotherapy 5(12.2%) 2(10.5%) 0.96

Perioperative anti-microbial cover 41(100%) 19(100%) ns

Anaesthesia time mins 233.0+/-40 238.6+/-52 0.51

One Lung Ventilation time mins 85.5+/-14.9 88.0+/-9.6 0.19

Post-operative PPV 2 1 ns

Table 3.4. Patient Demographic Data in Thoracic Surgery Group. Absence of Post
operative Pneumonia (non-POP); Post-operative Pneumonia (POP). Post-operative Positive 
pressure Ventilation (Post-operative PPV). NSCLC = Non small cell lung cancer. Wilcoxon 
Rank Sum test was used. Values given as mean +/- SD or number (%) unless otherwise 
indicated. FEVi, forced expiratory volume in 1 second.
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Comparison between pneumonia and non-pneumonia group Day 1

Patients were examined daily for clinical evidence o f pneumonia. The diagnosis o f 

pneum onia was based on the Centers for Disease Control and Prevention [CDC 1989].

There was no clinical evidence o f  pneumonia in any patient on the first day after 

surgery. In the first 24 hours after surgery although temperature was significantly higher in 

the subsequent pneumonia group (median 37°C IQR 36.7-37.3) compared to the uneventful 

recovery group (median 36.6 IQR 36.4-36.8) p=0.002, this difference was not clinically 

significant. There was no significant difference in white cell count between pneumonia group 

(median 13.2 IQR 8.3-17.5) and non pneumonia group (median 10.1 IQR 7.35-13.35) 

p=0.09.

Three patients required post-operative positive pressure ventilation (PPV). Two 

patients in the non-pneumonia group and one patient in the pneumonia group received 

external continuous positive pressure ventilation for 24-48 hours post surgery. The 

requirement for PPV was similar in the two patient groups p=0.7. Likewise, the P a02 /F i02  

ratio on day 1 post surgery did not differentiate between the two groups (p= 0.86).

Both patient groups received similar intravenous fluid resuscitation and maintenance; 

(pneumonia group 1.5L median; IQR 1-2L); (p=0.5). Renal parameters such as 24 hour urine 

output, urea and creatinine were similar in the two groups on day 1 post surgery (p=0.1), 

(p=0.4) and (p=0.8) respectively.

Five o f the patients who subsequently developed pneumonia required vasopressor 

support on day 1 post surgery as compared to three o f the non-pneumonia group (p=0.09). O f 

the eight patients requiring vasopressor support, all received noradrenaline, range 2-15 

|o.g/min.

Comparison between pneumonia and non-pneumonia group Day 5
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N ineteen o f  sixty, (32% ) patients were diagnosed with post-operative pneum onia as 

per CDC guidelines [CDC guidelines 1989]. Two patients were diagnosed on the second day 

after surgery, five patients on the third day after surgery, ten patients on the fourth day after 

surgery and finally two patients day 5 post surgery. Seven patients were discharged home 

before day 5 o f  study. Blood sam ples were taken from 53 patients (88%  o f  original study 

population) on day 5 after surgery.

Day 5 post-surgery tem perature was significantly higher in the pneum onia group 

(m edian 36.9°C IQR 36 .5 -37 .6 ) com pared to the uneventful recovery group (m edian 36.5 

IQR 36 .3 -36 .7 ) p=0.002. There was also a significant difference in white cell count between 

pneum onia group (m edian 10 IQR 8 .2 -15 .2 ) and non pneum onia group (m edian 8 IQR 6 .6 -

12.6; p=0.008).

N o patient required post-operative positive pressure ventilation (PPV) on day 5 post 

surgery. The Pa02/F i02  ratio on day 5 post surgery was different in the two groups (p=0.03), 

w ith higher O 2 requirem ents in the pneum onia group, although in both groups PaOa/FiOa 

ratio was above the level required for a diagnosis o f  acute lung injury.

On the fifth day after surgery, patients with an uneventful recovery tolerated oral 

intake how ever, three patients o f  nineteen in the pneum onia group required intravenous fluid 

supplem entation. Renal param eters such as 24 hour urine output and creatinine were sim ilar 

in the tw o groups on day 5 post surgery (p=0.4 and p=0.9 respectively). H ow ever urea was 

significantly higher in the pneum onia group (m edian 6 IQR 5-9) com pared to the non

pneum onia group (m edian 5 IQR 3.6 to 6.2; p=0.03).

Three o f  the patients in the pneum onia group continued to require vasopressor 

support on the fifth day post surgery as com pared to none o f  the non-pneum onia group 

p=0.02. O f the three patients requiring vasopressor support, all received noradrenaline, range 

1-10 |j,g/min. Patient clinical variables on day 5 post surgery are docum ented on Table 3.6.
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Discussion

As sepsis is such a variable syndrome, it is important to characterize study patient 

populations in order to allow for meaningful comparisons with other studies.

The recent study on the epidemiology o f sepsis conducted in 2001 [Angus et al 2001, 

Angus et al 2004] examined the incidence, characteristics and outcome o f 192,980 patients 

admitted to 847 federated hospitals in seven U.S. states. This study used the International 

Classification o f  Diseases, ninth revision, clinical modification (ICD-9-CM) criteria to 

identify organ dysfunction. The mean patient age in this study was 63.8 years in a cohort o f 

patents that was 49.6% male. They identified the source o f infection as being respiratory in 

44% o f cases, primary septicemia in 17% of cases, genitourinary in 9.1% and the abdominal 

cavity in 8.6% o f cases, with an overall mortality o f 28.6%.

The cohort o f septic patients recruited in this study o f cytokine gene expression is 

different in that there is a greater proportion o f patients with intra abdominal sepsis and fewer 

patients had urinary sepsis. This difference in patient groups between the sepsis study 

population and that o f Angus et al may be related to the study inclusion criteria. The sepsis 

study population comprised o f adults only, whereas Anguv et al included pediatric patients. 

In addition, the sepsis study excluded patients with HIV infection, hematological 

malignancies and other immune-compromised groups unlike Angus et al. Furthermore, 

Angus et al omitted patients with, or who subsequently developed, septic shock. In contrast, 

in the sepsis cohort, 98% o f the sepsis group had septic shock on admission to the ICU.

Septic shock patients were treated with vasopressors to achieve a target MAP o f 60 

mmHg, which is however a lower blood pressure than that observed in the non-shocked 

group (60mmHg vs. 77mmHg). Nevertheless, 60 mmHg is deemed adequate for organ 

perfusion by the majority o f ICU clinicians.
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The CVP on both day 1 and day 7 was significantly higher in the septic shock group, 

which suggests that this group was more aggressively fluid resuscitated. Therefore from this 

limited information, it appears that the septic shock group were adequately fluid resuscitated 

and did not have a poorer outcome as a result from sub optimal resuscitation.

In addition, despite appropriate clinical management the shocked group displayed 

signs o f tissue hypoperfusion. This can be observed in the differences in the recorded 

metabolic variables between the groups. Lactate was higher and pH lower in the shocked 

group at both time points. This implies that despite appropriate treatment with vasopressors 

and fluids, a group o f patients proceeded to develop more severe disease, as is manifest by a 

persistent lactic acidosis. The differences noted in other markers o f organ function described 

earlier between the shocked and non shocked groups appear to confirm this finding.

The median values o f the clinical variables improved over time, from Day 1 to Day 7 

in the ICU. Both the median MODS and SOFA score improved over this initial week in ICU. 

This may reflect both the appropriateness o f clinical care provided and a tendency for these 

patients to improve over time when adequately supported. However, this data may be biased, 

as it does not take into account the 14 patients who died prior to contributing to day 7 data.

The MODS scoring system was the first organ failure system to be introduced that 

quantified the degree o f  organ dysfunction as opposed to simply counting the number o f 

failing organs. Both the SOFA and the SAPS2 scoring systems are improvements on the 

original MODS score with increased prognostic powers. These scoring systems are in 

widespread use due to their simplicity, reliability and reproducibility. It has previously been 

shown that there is a clear correlation between the total organ failure score and mortality rate 

in ICU patients [Routsi et al 2007].
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With regards to the lung resection surgery patients, thoracic surgery is frequently 

complicated by hospital acquired pneumonia (HAP) with an associated mortality o f 30% 

[Dales et al 1996], This type o f surgery is generally elective, on a sterile body cavity, in 

patients with a defined disease process, with no infection at the time o f surgery and a high 

incidence o f HAP in the first week after surgery. Therefore they provide us with an 

interesting human model o f the onset of infection.

There is no gold standard definition o f HAP and this diagnosis remains controversial. 

According to CDC and American Thoracic Society, the diagnosis o f HAP is suspected in the 

presence o f a new or progressive radiographic infiltrate, along with clinical findings 

suggesting infection, which include the new onset o f fever, purulent sputum, leukocytosis, 

and decline in oxygenation. When fever, leukocytosis, purulent sputum, and a positive 

culture o f a sputum or tracheal aspirate are present without a new lung infiltrate, the 

diagnosis o f nosocomial tracheobronchitis should be considered [Nseir et al 2002]. For this 

reason, the presence o f a new and progressive pulmonary infiltrate was an absolute 

requirement for the diagnosis o f pneumonia in our study cohort.

The diagnosis o f HAP is difficult. Most studies of non-intubated patients have used 

clinical diagnosis, occasionally with sputum culture, with bronchoscopy rarely used. Thus the 

specificity o f  the diagnosis is often undefined [Schleupner et al 1992]. In general, invasive 

diagnostic strategies for HAP use bronchoscopy to obtain quantitative cultures. As 

bronchoscopic diagnosis is invasive, it is not routine practice in our institution for post

operative thoracotomy patients. We used the CDC National Nosocomial Infection 

Surveillance (CDC NNIS) pneumonia flow diagram [CDC guidelines 1989], as this diagram 

incorporates both clinical and microbiological data.

Few studies have investigated changes in cytokine gene expression after thoracic 

surgery. However a number o f studies have investigated risk factors for HAP after thoracic
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surgery. These studies serve as useful comparison groups to assess whether we can 

extrapolate from our results to other population o f HAP after lung resection surgery. As in 

other published studies, patients’ age was not considered a risk factor for the development of 

HAP.

In a recent six month prospective study, Schussler et al recruited 168 patients 

undergoing lung resection surgery to investigate the incidence and the characteristics o f HAP, 

the risk factors and the outcome. In this study, the incidence o f HAP was 25%, compared to 

31% in our population. As in our study, more males (139 [82.7%]) than females (29 [17.3%]) 

were recruited, however unlike our cohort, this difference was statistically significant 

(p=0.004) [Schussler et al 2006],

There is some evidence that greater BMl is associated with an increased risk o f POP 

after lung resection surgery [Arozullah et al 2001]. Although there was a similar trend in our 

study towards increased BMl in the pneumonia group (27.65±1.35) compared to the 

uneventful recovery group (25.9±0.92), this was not significant.

In this study patients undergoing pneumonectomy had a significantly higher 

incidence o f post-operative pneumonia (p=0.03). This is in keeping with other published 

work [Arozullah et al 2001] where the extent o f  lung resection is recognized as an 

independent risk factor for HAP after multivariate analysis.

As in other studies duration o f anaesthesia and one-lung ventilation was not 

associated with HAP [Schlusser et al 2006]. There was no significant difference on total 

length o f anaesthesia time between subsequent pneumonia (238.6 ±52 mins; mean±SD) and 

uneventful recovery group (233.0 ±40 mins; mean±SD; p=0.51). Similarly duration o f one 

lung ventilation time and PaOa/FiOa ratio did not significantly differentiate between 

pneumonia and non-pneumonia group; (p=0.19) and p=0.34 respectively).
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Taken as a whole, these studies suggest that the results from this lung resection 

surgery cohort are applicable to pneumonia populations in similar centers.

Conclusion

In conclusion, we have recruited a cohort o f patients with severe sepsis that closely 

resembles other previously described patient groups with the same diagnosis with respect to 

severity o f disease, source o f infection, age and mortality. The clinical factors and 

demographic variables described in this study that influence the eventual outcome o f these 

patients are factors that have been well recognized in the past to be associated with a poor 

prognosis. We consider that as a result the subsequent results are applicable to other 

institutions in the developed world containing a similar heterogenous mix o f  patients.

In addition we have recruited a second cohort o f patients in our lung resection surgery 

group. Again the clinical and demographic variables described in our patient cohort are in 

accordance with other published data.
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C hapter 4 - Results (2): The relation between expression of lL-17 and

related cytokines and sepsis
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Introduction

There is a Hnk between sepsis and IL-23 and IL-27 gene expression in peripheral 

blood mononuclear cells [O’Dwyer et al 2008]. This work suggests that IL-23 and IL-27 may 

be o f  greater importance than IL-12 in mediating the immune response to infection in 

humans. Furthermore deficient IL-23 and excessive IL-27 gene expression have recently 

been described as antagonistic regulators o f  €04"^ T cells that have a T h l7  phenotype. 

However, it remains unclear whether the link between IL-23 and IL-27 and outcome in sepsis, 

is mediated by this IL-17 cytokine pathway or alternatively whether IL-23 and IL-27 exert 

their effects by regulation o f IFN-y and TN Fa gene expression [Bettelli et al 2006].

IL-17A and IL-17F are inflammatory / immune regulatory cytokines produced by 

macrophages and a specific subgroup o f CD4 cells. lL-17 appears to have a protective effect 

in animal models o f bacterial infection [Yen et al 2001]. TGFp-1 reportedly induces naive 

CD4 differentiation into a T h l7  lineage, a process shown to be crucially dependent on IL-6 

and IL-23, with IL-27 antagonising the effect o f IL-23 [Chene/ al 2007, Hunter et al 2005]. 

Much emphasis has been placed on the importance o f IL-17 in the pathogenesis o f immune 

mediated encephalitis in animals. IL-17A and 1L-17F are abundantly found in inflamed 

Inflammatory Bowel Disease (IBD) and have evident proinflammatory qualities [Hundorfean 

et al 2012]. Animal models o f encephalitis also suggest that IL-1(3 may be an important 

factor in promoting IL-17 production [Sutton et al 2006].

However, these IL-17 regulatory cytokines are pleiotrophic and it is unclear to what 

extent their effects in the immune response to infection are exerted by means o f the IL-17 

cytokine family or by some alternate mechanism. In this regard, TGPp-l is a potent 

regulatory cytokine with diverse hemopoietic functions in addition to it’s role as a regulator 

o f T h l7  differentiation. While the key function o f TGF[3-1 in the immune system is to 

maintain tolerance through regulation o f  differentiation, proliferation and survival o f
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lymphocytes, TGPp-1 also moderates IFN-y production by natural killer cells, and in addition 

TGF[3-1 promotes a CD4Thl response to infection [Li et al 2006, Laouar et al 2005]. Thus 

TGF[3-1 potentially has antagonist effects upon the immune response to infection. This 

chapter will describe a study that was performed to determine whether the human response to 

infection was related to TGFp-1 and IL-17 gene expression. We assessed gene expression 

and protein levels o f  recognised IL-17 regulatory cytokines by qPCR and ELISA.

Aim:

I . To assess whether gene expression o f the IL-17 regulatory cytokines are related to the 

human response to infection.
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Results 

Sepsis Group

Description of Th-17 cytokines day 1 sepsis

On day 1, in the ICU cohort o f  patients with sepsis, m edian IL-23 m R N A  levels were 

15276 (IQR 4460  -  410 9 8 ) and m edian lL -27  m R N A  levels w ere 359 (IQR 122 -7 1 8 )(T a b le  

4.1 ). IL-23 and lL -27 m R N A  levels  were not associated w ith any index o f  organ failure or 

the extent o f  lung injury as assessed  by the Pa0 2 /F i0 2  ratio, lactate levels or w ith  the type o f  

infecting organism  (gram -positive, gram -negative or fungal).

T G Fp-l m R N A  levels were 1,973,944 (IQ R 75 6 ,8 9 0  -  2 ,791 ,484). M edian IL-6 

m R N A  levels were 5359  (IQR 1,918 -  2 9 ,806) and m edian IL -ip  m R N A  levels were 

81 1,828 (IQR 47 ,0 6 4  -  4 ,605 ,425).

IL -17A  and IL-17F m R N A  was not detectable in PBLs o f  septic patients (Table 4 .1).

TGPP-1, IL -ip , lL -6, 1L-17A and 1L-17F m R N A  levels on day 1 w ere not associated  

with any index o f  organ failure, the extent o f  lung injury as assessed  by the Pa0 2 /F i0 2  ratio, 

lactate levels or with the type o f  infecting organism  (gram -positive, gram -negative or fungal). 

In addition there was no relation between survival and T G PP-I, IL-6 or IL -ip  gene 

expression at adm ission to the ICU.
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Table 4.1 Gene expression of IL-23, IL-27 and Th-17 regulating cytokines day 1 sepsis

Cytokine mRNA copy numbers

IL-23 15,276

N=60 (4 ,46 0 -4 1 ,0 9 8 )

IL-27 359

N=60 (122-718)

TGFp-1 1,973,944

N=60 (1 ,756,890-2,791,484)

IL-6 5,359

N=60 (1 ,9 1 8 -2 9 ,8 0 6 )

IL -ip  811,828

N=60 (47,064 -  4,605,425)

IL-17A nd

N=60

IL-17F nd

N=60

Table 4.1 Gene expression o f IL23, IL-27 and T h l7  regulating cytokines on day 1 ICU 
admission with severe sepsis. IL=Interleukin. TGF-P =Transforming Growth Factor beta. 
Results are expressed as absolute copy numbers corrected to 10 million p-Actin copy 
numbers. Values are expressed as median with interquartile range in parentheses. N=number, 
nd=not detected.
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Th-17 cytokines on day 7 sepsis

On day 7, TGF(3-1 m R N A  levels w ere 2424417  (IQR 1 ,4 3 7 ,6 0 2 -3 ,2 9 7 ,1 9 5 ). M edian  

IL-6 m R N A  levels were 5 ,440  (IQR 2 ,085 -3 7 ,3 7 7 ) and m edian IL -ip  m R N A  levels were 

1 ,147,562  (IQR 8 3 ,9 0 5 -3 ,8 7 4 ,7 8 3 ) (Table 4 .2). L evels o f  these cytokines w ere not related to 

the presence o f  shock on day 7 o f  ICU stay. Cytokine m R N A  levels on day 7 were not 

associated  with any index o f  organ failure, extent o f  lung injury as assessed  by the Pa0 2 /F i0 2  

ratio, lactate levels or with the type o f  infecting organism  (gram -positive, gram -negative or 

fungal). TG pp-1, IL-6 and IL -ip  m R N A  levels were sim ilar upon adm ission to intensive care 

and after 7 days o f  critical illness.

1L-17A and IL17F m R N A  w as not detectable in PBLs o f  sepsis patients.

There w as no relation between mortality and T G pp-1, IL-6 and IL -ip  gene  

expression  at adm ission to the ICU or after 7 days o f  intensive care. Sim ilarly there w as no 

relation betw een the severity o f  organ failure as measured by SO FA  score, or survival and 

T G PP-I, IL-6 and IL -ip  m R N A  levels in PBLs. There w as a significant correlation between  

IL-6 and IL -ip  m R N A  copy numbers (Figure 4 .1). There w as no correlation betw een m R N A  

levels o f  TGFp-1 and m R N A  o f  other cytokines.
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Table 4.2 Gene expression of Th-17 regulating cytokines day 7 sepsis

Cytokine mRNA copy numbers

TGFP-1 2,424,417

N=46 (1,437,602-3,297,195)

IL-6 5,440

N=46 (2,085 -  37,377)

IL -ip  1,147,562

N=46 (83 ,905-3 ,874 ,783)

IL-17A nd

N=46

1L-17F nd

N=46

Table 4.2 Gene expression o f T h l7  regulating cytokines on day 1 ICU admission with severe 
sepsis. IL=Interleukin. TGF P =Transforming Growth Factor beta. Results are expressed as 
absolute copy numbers corrected to 10 million p-Actin copy numbers. Values are expressed 
as median with interquartile range in parentheses. nd=not detected. N = Number.
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Figure 4.1

Figure 4.1

IL-1 p and IL-6 Spearmanns Rho

tf, lOOOOOO.On

I
800000.0H£

3c
>  a  o o
<  400000.0-

0^
E

ID

600000.0-

200000. 0 -

0.0

n=49
Spearmanns Rho = 0.67
p<0.0001

/  •  * .
 1 1 1 1
10000000 20000000 30000000 40000000

IL1-P mRNAcopy numbers

Figure 4.1: Spearmanns Rho Non parametric correlation between IL-6 and IL -ip  mRNA
levels on day 7 in the ICU group. lL-6 is expressed as copy numbers per 10 million P-Actin 
mRNA copy numbers. n=number.
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Comparison o f cytokine mRNA expression; Sepsis (Day 1 ICU admission), Bacteraemia 

and Control Groups.

There was a significant difference in the levels o f TGFB-1 mRNA copy 

numbers between the three groups, with TGFp-1 mRNA expression decreased in patients 

with sepsis; median 1,973,944 (IQR 756,890-2,791,484) and bacteraemia; median 1,986,054 

(IQR 1,921,183-2,219,984) compared with healthy controls; median 3,839,571 (IQR 

2,912,296-4,117,634) p=0.02.

IL -1 p mRNA copy numbers were similar in all three groups.

There was a significant difference in lL-6 mRNA copy numbers between the three 

groups, with less lL-6 mRNA copy numbers in the bacteraemia group (N=15); median 909 

(IQR 460-3,916) compared with sepsis (N=60); median 5358 (IQR 1,918-29,806) and 

healthy controls (N=10) (Figure 4.2).

IL-17A and IL-17F mRNA were not detected in the majority o f patients in all groups.

1L-17A and IL-17F mRNA were not detected in the second control group, the 

Inflammatory Bowel Group.
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Igure 4.2 Three group comparison of gene expression of TGFp-1, IL-6 and IL-ip
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Figure 4.2: Comparison o f cytokine mRNA copy numbers in the three study groups on day 1 
ICU admission. Number (N) Sepsis N=60, Bacteraemic N=15 and Control N=10. The 
Wilcoxon rank sum test was used to analyse the differences between groups for continuous 
variables. Cytokine mRNA has been normalised and are presented as copy numbers per 10 
million copies o f the house keeping gene (3-Actin. Graphs present median values, inter
quartile range and 10‘'’ -90'*’ centile in whiskers.
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Protein levels IL -ip , IL-6, IL-17, TGF- p

IL-6 and IL-1(3 protein levels were greater in patients with sepsis compared to 

bacteraemic and control groups. While IL-6 was measurable in all patients with sepsis, IL -ip  

was not present in measurable quantities in the serum o f many patients with sepsis. Protein 

levels o f both IL-6 and IL -ip  were elevated in patients with sepsis. There was a trend 

towards lower TGF-pi levels in patients with sepsis and controls. IL-17 protein levels were 

found to be similar in all three groups (Table 4.3)
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Table 4.3

Cytokine protein levels by ELISA in 3 study groups, sepsis (n=59), bacteraemia (n=15) 

and controls (n=10)

Sepsis Bacteraemia Control P

N=59 N=15 N=10

TGFp-1 782 774 915

pg/mL (724-826) (751-805) (747-980) 0.07

IL-17 26.8 28.7 29.5

pg/mL (18.1-34.7) (8.4-59.5) (21.4-38.5) ns

IL-6 195 31.1 1.5

pg/mL (70-295) (17-75) (1.1-2.7) <0.0001

IL l-p 2.2 0 0

pg/mL (0-9) (0-0) (0-1.3) 0.0004

Table 4.3: Cytokine protein levels in three study groups. TGpp-1, IL-17, IL-6 and ILl -  P
are expressed as picograms per millilitre (pg/mL). N denotes number o f  subjects in each 
group. All values are median and interquartile range.
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IL-6 protein levels were greater in patients that did not survive compared to survivors 

(Table 4.4) and there was a significant correlation between IL-6 levels and SOFA score 

(Figure 4.3). There was no relation between survival or severity o f organ dysfunction and 

protein levels o f  the other cytokines tested.

Table 4.4

Cytokine protein by ELISA and outcome of patients with sepsis

Survival Death

N 39 17

781 774

TGFp-1

pg/mL

(721-820) (694-911) ns

IL-17 31 25.7 ns

pg/mL (20.4-31) (18.2-38.5)

IL-6 150 294 0.0002

pg/mL (52-293) (128-297)

I L l - p

pg/mL

2.5

(0-7.2)

1.4

(0-9.7)

ns

Table 4.4: Cytokine protein levels in the sepsis group comparing survivors and non
survivors. TGFp-1, IL-17, IL-6 and IL -ip  are expressed as picograms per millilitre (pg/mL). 
N denotes the number o f subjects in each group. All values are expressed as median and 
inter-quartile range.
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Figure 4.3 IL-6 protein expression and SOFA score
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Figure 4.3: Spearmanns Rho Non parametric correlation between IL-6 protein
expression and SOFA score on day 1 admission to ICU in sepsis group. N denotes 
number o f patients in group.
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Discussion.

In this study we observed that TGF|3-1 gene transcription is down regulated in 

patients with infection and sepsis. Interestingly, IL-17 mRNA was undetectable in the 

majority o f patients, nor was it detectable to control or IBD patient samples. Furthermore, 

there was a marked discrepancy between indices o f  gene transcription in PBLs and cytokine 

protein levels in blood.

TG F-pi was down regulated both in patients with infection and in patients with sepsis 

to a similar degree. TGFp-1 is a pleiotrophic cytokine, which with the exception o f a role in 

promoting C D 4Thl7 differentiation, is largely known for its inhibitory effects on 

inflammation and immunity. In this regard, it is notable that TGFp-1 knockout mice die 

prematurely from uncontrolled inflammation and multiple organ failure [Shull et al 1992]. 

As we observed down regulation o f TGFp-1 gene expression both in patients with infection 

without critical illness and in patients with sepsis, it is likely that TGPP-I down-regulation is 

an adaptive response to infection, and is not causally related to the occurrence o f sepsis or 

systemic inflammation or in fact, any other measure o f  outcome in patients with sepsis, 

supports this conclusion.

TG Pp-l inhibits IPN-y production by natural killer cells, and as a consequence, 

impedes appropriate CD4 Thl cell development [Laouar et al 2005]. Thus it is plausible that 

down-regulation o f  TGPP-1 in patients with infection represents an appropriate host response. 

Our results are in keeping with those o f a previous study which reported lesser TGPP-1 

mRNA copy numbers in whole blood o f patients with sepsis and used TGFp-1 mRNA levels 

in a sepsis algorithm [Pachot et al 2005]. However the study by Pachot et al included healthy 

volunteers as a control group and did not include patients with infection without sepsis and 

thus could not conclude that TGPp-1 is down regulated in the presence o f infection 

regardless o f  the presence o f sepsis.



132

The IL-17 cytokine family has been the subject o f much recent investigation, 

specifically in animal models o f  allergic encephalitis, o f inflammatory bowel disease, and 

infection. Animal models o f infection suggest IL-17 may have a protective role [Ye et al 

2001], by inducing neutrophil migration and enhancing microbicidal activity o f polymorphs 

[Wu et al 2008]. Conversely in an alternative animal model o f infection, IL-17 was 

apparently o f relatively minor importance and was only detectable in the absence o f IFN-y 

production [Mauermann et al 2008]. Mauermann et al, reported that, in the absence o f IFN-y 

or IFN-y signaling, there was an expansion o f IL-17A producing CD4+Tcells and local IL- 

17A release by pulmonary parenchymal cells. In vivo depletion o f  IL-17A expression 

resulted in a reduction in disease severity.

In this study o f  IL-17 gene expression in PBLs, while IL-17 protein was detected in 

peripheral blood, IL-17 mRNA was not detected in PBL, even though the qRT-PCR process 

was calibrated to detect low copy numbers o f IL-17 mRNA. In this context it is plausible that 

IL-17 production is compartmentalised, being produced primarily by mucosal lymphocytes, 

rather than PBL. In an animal model o f colitis, observed IL-17 gene expression was 

predominantly located in mucosal lymphocytes [Uhlig et al 2006]. Alternatively, IL-17 may 

be o f greater importance in autoimmunity and may not be o f great relevance in the human 

host response to sepsis. The data in this study suggests that it is improbable that the 

previously reported relation between IL-23 and IL-27 and outcome in patients with sepsis 

[O’Dwyer et al 2008] is mediated by an IL-17 pathway.

IL-6 is a pleiotrophic cytokine, produced by a wide range o f cells, including 

endothelial cells, hepatocytes, and peripheral blood leukocytes. However, in the context o f 

human sepsis it is uncertain whether IL-6 exerts predominantly pro-inflammatory or anti

inflammatory effects [Diehl et al 2002, Croker et al 2012].
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IL-6 has marked pro-inflammatory effects, notably up-regulating C5 production 

[Reidemann et al 2003], and this is consistent with the observed link between IL-6 serum 

levels and severity o f organ failure in patients with sepsis. However IL-6 may also have a 

significant role in augmenting bactericidal immune response as in the absence o f  IL-6 there is 

a trend towards excess mortality in animal sepsis models [van der Poll et al 1997].

In clinical practice, blocking the lL-6 receptor has proven highly effective anti

inflammatory therapy in the treatment o f autoimmune disorders such as rheumatoid arthritis 

and Crohns disease [Burmester et al 2011, Nishimoto et al 2005, Ito 2005]. Significantly, IL- 

6 deficient mice are resistant to the induction o f autoimmune conditions [Tsantikos et al 

2010]. In contrast, IL-6 was reported to exert a pivotal anti-inflammatory role by suppressing 

TNFa production in humans with streptococcal toxic shock syndrome [Diao et al 2005]. 

However on balance in humans with sepsis IL-6 appears to be a potent mediator o f systemic 

inflammation and multiple organ failure [Kellum et al 2006].

Adverse outcome in patients with sepsis has in the past been linked with elevated IL-6 

plasma levels, and more recently adverse outcome in community acquired pneumonia have 

been linked with elevated IL-6 levels [Kellum et al 2007, Goldie et al 1995], This 

investigator observed greater IL-6 levels protein in peripheral blood o f patients with infection 

and sepsis, but simultaneously lL-6 gene expression was down regulated in PBL o f 

bacteraemic patients who did not develop sepsis. These disconcordant findings may illustrate 

compartmentalized cytokine production, with blood protein levels reflecting global cytokine 

production, whereas PBL mRNA levels reflect production in a specialized compartment. In 

addition it is notable that, while lL-6 mRNA levels in PBLs are several orders o f  magnitude 

lower than TGF(3-1 mRNA and IL -lp mRNA, IL-6 peptide levels were readily detectable at 

greater levels than IL-1(3 in plasma samples. These data suggest that PBL are not the principle 

source o f IL-6 in patients with infection, compared with other sources such as the
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endothelium or hepatocytes. In contrast the opposite effect is observed with IL-ip, with 

appreciable mRNA levels in PBL despite low or negligible protein level in blood, suggesting 

that IL -ip  emanates to a greater extent from PBL than other sources. Similar 

compartmentalised cytokine production has been reported in severe sepsis in humans [Millo 

et al 2004], Compartmentalisation o f cytokine production is not a new concept. Indeed it has 

been observed in a number o f clinical studies o f human infection [Milo et al 2003, Dehoux et 

al 1994, Boutten et al 1996], It it plausible the differences we observed in IL-6 production is 

a further example o f cytokine compartmentalization.

There was no association between IL -ip  mRNA levels and the presence o f infection, 

or the occurrence o f organ failure in response to infection. In contrast, a prior study reported 

marked down regulation o f IL-1(3 gene expression in patients with sepsis [Pachot et al 2005], 

however Pachot et al did not find an association between severity o f organ failure and 

outcome and IL -ip  gene expression. The exact role o f  IL -ip  in the host response to infection 

is unclear, as the outcome when IL -ip  gene knock-out mice are challenged with live 

infection is similar to that o f wild type mice [Tanabe et al 2005]. Consequently IL -ip  

production by PBLs may not be o f pivotal importance in the host response to bacterial 

infection.
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Conclusion

We suggest down regulation of TGFB-1 gene expression is related to the occurrence 

of infection in general rather than the onset of sepsis. The linkage between IL-23 and IL-27 

gene expression and the occurrence of sepsis is not mediated by IL-17 production in PBLs. 

Systemic inflammation and sepsis induced organ failure are linked with IL-6, which 

emanates for sources other than PBLs.
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Chapter 5 - Results (3): The relation between infection and gene expression 
of cytokines regulating lymphocyte homeostasis
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Introduction

The yc family o f interleukins that includes IL-2, IL-7, IL-15 and IL-21, interact with 

receptors containing a common y chain and regulate lymphocyte homeostasis. These 

cytokines act on distinct lymphocyte populations; IL-2 is a T cell growth factor and 

contributes to the development o f regulatory T cells (T reg cell) [Schluns et al 2003]; IL-7 is 

critical for T and B cell development and is a potent lymphocyte survival factor [Fry et al 

2005]; IL-15 is a trophic factor for NK cells and CD8^ T cell homeostasis [Ma et al 2006]. 

The cellular effects o f IL-2 and IL-7 are mediated by regulating apoptosis marker such as 

Bcl-2, Bax and Bim [Khaled et al 2002, Lord et al 2000].

This group has previously shown a link between effector cytokine gene expression in 

PBLs and human response to infection and patient response to surgery [O’Dwyer et al 2006, 

O ’Dwyer et al 2008, White et al 2010]. In these studies cytokine gene expression was 

assayed by qRT-PCR according to an established protocol [Stordeur et al 2002], However 

these effector cytokines do not include cytokines that regulate T cell homeostasis, and 

consequently did not account for the profound lymphocyte apoptosis reported in animal 

models o f  sepsis and in humans [Unsinger et al 2010, Unsinger et al 2009, Hoogerwerf et al 

2 0 1 0 ].

It is plausible that cytokines involved in regulating T cell homeostasis are involved in 

the immune deficiency linked with sepsis. Furthermore the onset and evolution or resolution 

o f sepsis may be related to dysregulation o f expression o f these cytokines. Immune cell 

apoptosis is a prominent feature in both experimental animal and human models o f sepsis 

[Unsinger et al 2010, Schwulst et al 2008] and there is a wide range o f  apoptosis mediators, 

such as steroids and TNF that contribute to these changes [Wesche et al 2005].
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We hypothesised given the pivotal role ofthe y chain cytokine family in regulating 

lymphocyte homeostasis that dysregulation o f gene expression o f this cytokine family may 

be linked to both the predisposition and occurrence o f  infection and sepsis in humans.

Results o f this study indicate that the occurrence o f infection and sepsis is linked with 

deficient y chain family cytokines gene expression, specifically IL-2 and IL-7.

Aims:

1. To determine whether sepsis in humans was associated with differential gene 

expression o f y chain family o f  cytokines.

2. To determine whether differential gene expression o f apoptosis mediators is 

associated with infection or sepsis in humans.
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Results

Cytokine mRNA comparison between the 3 groups (sepsis, bacteraemia and healthy 

controls)

IL-2 mRNA was lower in bacteraemia patients compared with controls, and lower 

still in patients with sepsis on day 1 ICU admission; IL-7 mRNA was similar in control and 

bacteraemic patients, but lower in patients with sepsis; IL-15 mRNA was similar in the three 

groups. IL-21 mRNA was not detected in PBLs o f any study groups. These results are 

tabulated in table 5.1. There was no relation between gender, age and IL-2 and IL-7 mRNA 

levels.

Bcl-2 mRNA was greatest in bacteraemic patients, intermediate in controls and the 

least in septic patients Bim mRNA was increased in sepsis compared to bacteraemia and 

controls; Bax mRNA was similar in all three groups (Table 5.1).

There was no relation between severity o f organ failure and or outcome in patients 

with sepsis and IL-2, lL-7, IL-15, Bim, Bax or Bcl-2 mRNA levels.



140

Table 5.1 mRNA gene expression in sepsis bacteraemia and controls

Sepsis Bacteraemia Control p

N 60 15 10

IL-2 55.9(120.2-23.1) 264.6(342.9-97.4) 514.5(722.6-270.8) <0.0001

IL-7 737.1(1,587-407) 3,008.9(5,924-1,791) 2,658.7(3,819-1,372) <0.0001

IL-15 3,598.9(155,579-1,417)4,357(5,029-2,653) 3,026(3,603-2,262) 0.6

IFN-y 103.9(250-48.9) 297.2(485.2-178.3) 398.5(643.5-205.2) 0.02

Bcl-2 9,278(15,053-3,630)26,737(37,385-19,835) 18,494(68,595-9,048) <0.0001

Bim 1,753(2,288-1,164) 843(1,117-593) 566(1,213-475) <0.001

Bax 5,101,053 4,904,911 6,384,270 0.47

(8,053,450-3,571,700) (6,153,645-4,304,785) (8,026,292-3,949,197)

Table 5.1 Comparison of cytokine mRNA levels in sepsis, bacteraemia and controls. 
IL-2, IL-17, IL-15, IFN-y, Bcl-2, Bim and Bax are expressed as copy numbers of cytokine 
mRNA per 10 million P-Actin mRNA copy numbers. Values represented as medians with 
10-90% centiles in parenthesis. Between groups analysis is by Wilcoxon Rank Sum test. N 
denotes number of patients in each group
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IFN-y, Y chain cytokines and their apoptosis mediators on day 1 of severe sepsis

On day 1, in the ICU cohort, median IFN-ymRNA levels were 110.52 (IQR 46-266).

The mRNA levels o f the y chain family o f cytokines on day 1 o f  sepsis were as 

follows; Median IL-2 mRNA levels were 56 (IQR 23-120), IL-7 median mRNA levels were 

737 (IQR 408-1,587), IL-15 median 3,598 (IQR 1,417-15,579). IL-21 gene expression was 

not detectable in PBL from patient samples. These results are tabulated in table 5.2.

mRNA levels for these cytokines was not related to the severity o f  disease as assessed 

by the SOFA score on day 1, the extent o f lung injury as assessed by the P a02 /F i02  ratio or 

lactate levels .

Bim mRNA levels were median 1,753 (IQR 1,164-2,288). Median Bcl-2 9,278 (IQR 

3,630 -  15,053) and Bax median mRNA levels were 5,101,053 (IQR 3,571,700 -  8,053,450). 

These results are tabulated in table 5.2. mRNA levels for these regulators o f apoptosis on day 

1 were not associated with any o f the organ failure scores, extent o f lung injury as assessed 

by the P a0 2 /F i0 2  ratio or lactate levels.
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Table 5.2 Gene expression o f IFN-y, y chain cytokines and their apoptosis mediators on 

day 1 sepsis

Cytokine mRNA copy numbers

IFN-y 110.52

N=59 (46 -  266)

IL-2 56

N=58 (23 -  120)

IL-7 737

N=58 (408-1,587)

IL-15 3,598

N=60 (1,417-15,579)

IL-21 nd

N=40

Bim 1,753

N=42 (1,164-2,288)

BAX 5,101,053

N=43 (3,571,700-8,053,450)

Bcl-2 9,278

N=41 (3 ,6 3 0 - 15,053)

Caspase 1 3,483

N=40 (1 ,7 6 5 -9 ,9 4 5 )

Caspase 3 4,427

N=41 (2,245 -  20,844)

Caspase 8 795

N=39 (753 -8 2 8 )

Caspase 9 345

N=39 (2 1 4 -5 0 6 )

FADD 10,465

N=39 (2 ,832-384 ,853)

Table 5.2: Gene expression o f IFN-y, IL-2, IL-7, IL-15, IL-21, Bim, BAX, Bcl-2, Caspase 1, 
Caspase 3, Caspase 8, Caspase 9 and FADD on day 1 ICU admission with severe sepsis. 
IL=Interleukin. IFN-y ^Interferon gamma. Results are expressed as absolute copy numbers 
corrected to 10 million (3-Actin copy numbers. Values are expressed as median with 
intraquartile range in parentheses. nd=not detected
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In the sepsis group on day 1 median caspase 1 niRNA levels were 3,483 (IQR 1,765- 

9,945), median caspase 3 mRNA levels were 4,427 (IQR 2,245-20,844), median caspase 8 

levels 795 (IQR 753-828), caspase 9 mRNA median 345 (IQR 214-506) and FADD median 

mRNA levels 10,465 (IQR 2,832-384,853). Again cytokine mRNA levels o f Caspase 1, 3, 8, 

9 and FADD were not associated with any index o f organ failure, extent o f lung injury as 

assessed by the P a02 /F i02  ration orlactate level. In addition there was no relation between 

outcome and expression o f  these genes at day 1 admission to the ICU.

In the septic group on day 1 ICU admission there was a significant correlation 

between IL-7 and IFN-y mRNA copy numbers on day 1 ICU admission (figure 5.1). There 

was no correlation between IL-2 or IL-7 and Bim, Bcl-2, caspase 1, 3, 8 and 9 and FADD.
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Figure 5.1

Spearman Rho correlation between IL-7 and IFN-y mRNA copy numbers
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Figure 5.1 Spearmans Rho correlation between IL-7 and IFN-y mRNA copy numbers severe 
sepsis on day 1 o f ICU admission. There was a correlation between IFN-y and lL-7 gene 
expression p=0.02. Spearman rho =0.39. N=number o f patient samples.
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Description of y chain cytokines and their apoptosis m ediators’ day 7 o f severe sepsis

On day 7, in the ICU cohort, median IL-2 mRNA levels were 69 (IQR 26-189), IL-7 

median mRNA levels were 896 (IQR 470-1,850), IL-I5 median 3,077 (IQR 1,356-7,426). 

IL-21 gene expression was not detectable in PBL from patient samples. These results are 

tabulated in Table 5.3.

Cytokine mRNA levels were not related to the presence or absence o f shock or the 

severity o f disease as assessed by the SOFA score on day 7. In addition cytokine mRNA 

levels o f lL-2, IL-7 or IL-15 were not associated with any o f  the organ failure scores, extent 

o f lung injury as assessed by the Pa02/F i02 ratio or lactate levels.

Median Bim mRNA levels were median 2542 (IQR 985-3,187). Median Bcl-2 9,278 (IQR 

5,919-19,217) and median Bax median mRNA levels were 6,320,115 (IQR 4,519,631 -  

11,781,993). These results are tabulated in table 5.3. mRNA levels for these regulators o f 

apoptosis on day 7 were not associated with any of the organ failure scores, extent of lung 

injury as assessed by the Pa02/F i02 ratio, or lactate levels.
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Table 5.3 Gene expression of y  chain cytokines and their apoptosis mediators day 7 
sepsis

Cytokine mRNA copy numbers

IL-2 69

N=45 ( 2 6 -  189)

IL-7 896

N=43 (4 7 0 -  1,850)

IL-15 3,077

N=45 (1 ,3 5 6 -7 ,4 2 6 )

IL-21 nd

N=45

Bim 2,542

N=39 (985-3,187)

BAX 6,320,115

N=37 (4,519,631 -  1 1,781,993)

Bcl-2 9,278

N=37 (5,919-19,217)

Caspase 1 2,973

N=48 (767-8,934)

Caspase 3 6,497

N=48 (2,975-16,813)

Caspase 8 784

N=48 (693-872)

Caspase 9 387

N=48 (98-862)

FADD 2,582

N=48 (1,582-95,173)

Table 5.3: Gene expression o f IL-2, IL-7, IL-15, IL-21, Bim, BAX, Bcl-2, Caspase 1, 
Caspase 3, CaspaseS, Caspase 9 and FADD on day 7 ICU admission with severe sepsis. 
IL=InterIeukin. Results are expressed as absolute copy numbers corrected to 10 million P- 
Actin copy numbers. Values are expressed as median with interquartile range in parentheses.
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Median caspase 1 mRNA levels were 2,956 (IQR 1,412-8,388), median caspase 3 

mRNA levels were 6,265 (IQR 3,040-13,731), median caspase 8 levels 784 (IQR 705-825), 

caspase 9 median 226 (IQR 211-519) and FADD median 2,916 mRNA levels (IQR 1,568- 

7,470). These results are tabulated in table 5.3. The caspases and FADD cytokine gene 

expression were similar in patients with severe sepsis and septic shock on day 7 o f ICU 

admission. Again cytokine mRNA levels o f Caspase 1, 3, 8, 9 and FADD were not 

associated with any o f the organ failure scores, extent o f lung injury as assessed by the 

P a0 2 /F i0 2  ratio, or lactate level.

There was no relation between outcome and IL-2, IL-7, IL-15, Bim Bax and Bcl-2 

gene expression at day 7 post ICU admission. Caspase 1, 3, 8 and FADD mRNA levels did 

not differentiate between survivors and non-survivors on day 7 post ICU admission. Caspase 

9 mRNA levels on day 7 were significantly higher in survivors compared to non-survivors 

(p<0.001) (Table 5.4).
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Table 5.4 Cytokine mRNA gene expression in survivors on Day 7 ICU admission

Cytokine Survivor Non Survivor P value

N 32 16

Caspase 1 2,894 (782-6,839) 3,017(2,041-9,937) 0.6

Caspase3 7,356(3,168-17,184) 5,174 (2,912-10,279) 0.5

Caspase 8 793 (742-839) 774 (667-812) 0.2

Caspase 9 512 (320-739) 164(118-299) <0.001

FADD 3,758 (1,710-11,165) 2,075 (1,425-3,775) 0.1

Table 5.4: Cytokine mRNA gene expression in survivors and non survivors on Day 7 
ICU admission. Cytokine mRNA copy numbers have been normalised and are 
presented as copy numbers per 10 copies o f  the house keeping gene (3-Actin. Results 
are expressed as median and inter-quartile range. Between group analysis was 
performed by Kruskal Wallis one way analysis o f  variance.
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Analysis o f steroid use and association with gene expression on Day 1 ICU admission in 

severe sepsis

There was no correlation between expression of IL-2, IL-7, IL-15, Bim, BAX or Bcl- 

2 and the use o f steroids as a treatment modality for sepsis on day 1 ICU admission. There 

was a non-significant reduced expression of IFN-y mRNA associated with use of steroids 

in septic patients on day 1 ICU admission (p=0.06) (Table 5.5).
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Table 5.5 Relation between cytokine gene expression and steroid use day 1 severe sepsis 

patients

Cytokine Steroid Treatment No Steroid Treatment P

II N = 26

IL-2 66.41 47.17 0.9

(21.87-153.61) (26.44-112.12)

IL-7 727.29 816.68 0.9

(424.54-1,614.45) (314.05-1,643.12)

IL-15 3,699.42 3,598.88 0.9

(1,413.71-15,287.08) (1,650.67— 17,400.19)

Bim 2,353 2,572 0.8

(895-2,986) (798-3,164)

BAX 4,870,365 5,238,977 0.99

(3,590,189-8,076,255) (3,112,726-8,137,085)

Bcl-2 7,884.74 13,907.24 0.41

(3,743-14,165) (2,733-19,106)

IFN-y 82.39 159.31 0.06

(37.46-198.26) (78.42-551.28)

Caspase 1 3,583 3,418 0.8

(1,567-8,933) (1,950-9,126)

Caspase 3 4,047 4,753 0.79

(2,345-19,848) (2,645-24,888)

Caspase 8 863 805 0.8

(698 -  894 (659 -  948)

Caspase 9 353 381 0.9

(203 -  572) (197-596)

FADD 11,382 10,648 0.8

(2,037 -  394,842) (2,642 -  307,278)

Tabic 5.5:Relation between gene expression of IFN-y, lL-2, lL-7, lL-15, IL-21, Bim, BAX, 
Bcl-2, Caspase 1, Caspase 3, CaspaseS, Caspase 9 and FADD on day 1 ICU admission with 
severe sepsis and the use of steroids. lL=lnterleukin. IFN-y =lnterferon gamma. Between 
group analyses was performed with Kruskell Wallis test.Results are expressed as absolute 
copy numbers corrected to 10 million p-Actin copy numbers. Values are expressed as median 
with interquartile range in parentheses.
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Analysis of steroid use and association with gene expression on Day 7 ICU admission in 

severe sepsis

In contrast to the finding for patients on day 1 of sepsis there was significantly lower gene 

expression of Bax and Bcl-2 in the group of patients who received steroids compared to the 

group who did not receive steroids on day 7 of ICU admission. There was no relation 

between steroid use and IL-2, IL-7, IL-15, and Bax gene expression at day 7 post ICU 

admission (Table 5.6).
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Table 5.6 Relation between cytokine gene expression and steroid use day 7 severe 
sepsis patients

Cytokine Steroid Treatment No Steroid Treatment P

N=26 N=22

IL-2 82.81 105.32 0.8

(38.39-361.35) (38.85-251.87)

IL-7 1,490 997 0.4

(445-2638) (304-1,960)

IL-15 5,012 4,374 0.3

(2,476-25,763) (2,420-8,790)

Bim 2,666 2,744 0.7

(696-4,162). (769-3,600)

BAX 6,168,387 6,844,923 0.03*

(3,818,296-6,919,767) (5,916,11,6-11,371,256)

Bcl-2 9,236 17,642 0.0004*

(5,009-13,916) (13,111-27,051)

Caspase 1 3,202 3,100 0.7

(873-10,823) (943-10,192)

Caspase 3 6,034 7,012 0.8

(2,562-11,934) (1,997-9,833)

Caspase 8 687 723 0.9

(592-922) (490-779)

Caspase 9 390 442 0.8

(118-740) (204-837)

FADD 2,883 3,102 0.8

(1,299-10,880) (1,450-11,160)

Table 5.6: Relation between gene expression of IL-2, IL-7, IL-15, IL-21, Bim, BAX, Bcl-2, 
Caspase 1, Caspase 3, Caspase 8, Caspase 9 and FADD on day 7 ICU admission with severe 
sepsis and the use of steroids. IL=Interleukin. Comparison between groups is by Kruskal 
Wallis test. Results are expressed as absolute copy numbers corrected to 10 million ,-Actin
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copy numbers. Values are expressed as median with interquartile range in parentheses. N = 
number in each group.
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IL-2 and IL-7 protein levels

On day 1, in the ICU cohort, median IL-2 protein levels were 136.89 (IQR 73.25- 

383.53). IL-7 median protein levels were 9.52 (IQR 6.97-10.75).

In the bacteraemic cohort, IL-2 median 99.65 (IQR 43.15-309.89); IL-7 median 

protein levels were 7.52 (IQR 6.23-8.92). In the healthy controls IL-2 median protein levels 

were 294.38 (IQR 230.82- 813.90); IL-7 median protein levels were 6.81 (IQR 5.93-8.37). 

There was no correlation between cytokine protein levels and mRNA copy numbers 

expressed by the septic, bacteraemic or control cohorts.

Comparison for IL-2 and IL-7 protein levels in the three patient groups

IL-2 protein levels were statistically greater in healthy controls compared to patients 

with established infection (Figure 5.2). IL-7 protein levels were similar in the three groups. 

There was no correlation between cytokine mRNA levels and respective cytokine protein 

levels. There was no relation between survival or severity o f organ failure and cytokine 

protein levels.
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Figure 5.2 Cytokine Protein Levels by ELISA in sepsis, bacteraem ia and controls
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Figure 5.2: Cytokine protein levels in patients with Sepsis (n=56), Bacteraemic (n=15) 
and Control (n=10) study groups. Interleukin-2 (lL-2) and Interleukin-7 (IL-7) are 
expressed as picograms per milliliter (pg/mL). * denotes p value < 0.05. N denotes 
number o f subjects in each group. All values are median and inter-quartile range in 
parenthesis. Between group comparisons is by Wilcoxon Rank Sum test.
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Discussion

Sepsis is linked with anomalous gene expression o f y chain cytokines IL-2 and lL-7. 

IL-2 the prototypical member o f the yc cytokine family, is secreted after T cell receptor 

(TCR) stimulation [Sojka et al 2004] and acting as a T cell growth factor [Kim et al 2006], 

plays a pivotal role in the T cell phenotype differentiation [Liao et al 2008], contributing to 

the development o f  regulatory T cells and immune tolerance [Sakaguchi 2000, Sakaguchi 

2011], IL-2 is produced by T cells in an autocrine manner in the initial stages o f T cell 

activation and is essential for the generation and maintenance o f effector and memory cells 

[Setoguchi et al 2005], The actions o f IL-2 are multi-faceted, as in addition to being an 

activator o f  T cell proliferation, IL-2 has been shown to induce apoptosis o f activated T cells 

[Kinter et al 2008]. Thus the effect o f reduced IL-2 gene expression, which we observed in 

patients with gram-negative infection and sepsis may reflect a failure o f T cell activation.

IL-7 is a recognised lymphocyte survival factor [Unsinger et al 2010]. Produced by 

stromal and epithelial cells in the bone marrow, by the thymus, by fibroblastic reticular cells 

in T zones o f secondary lymphoid organs, and by dendritic cells. IL-7 regulates T cell 

activation by dendrhic cells [Guimond et al 2009, Siani et al 2009]. The bio-availability o f 

lL-7 is determined both by its production and consumption by CD4^ T cells [Fry et al 2005]. 

Thus lymphopenia in humans should be associated with reciprocal increase in IL-7 levels 

[Napolitano et al 2001]. In this study lymphopenic patients with severe sepsis had decreased 

IL-7 gene expression, compared to controls and patients with infection, which is clearly an 

inappropriate cytokine response.

IL-7 regulates T cell homeostasis in part by increasing the expression o f  Bcl-2, and 

by inhibiting the expression o f the pro-apoptotic factors Bax and Bim [Mazzucchelli et al 

2007, Pelligrini et al 2004] and caspase 3 [Amos et al 1998].
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We observed significant differences in Bcl-2 and Bim mRNA levels in patients with 

sepsis compared to bacteraemia and controls, whereas Bax mRNA levels were similar in the 

three groups (Table 5.1). There was no statistical link between lL-7 gene expression and 

either Bcl-2 or Bim in patient groups.

In this study o f adults with bacterial infection, lL-15 mRNA was similar in all patient 

groups. This is not surprising as lL-15, in concert with IL-7, acts as a regulator o f CD8+ T 

cells, whose primary role is in the immune response to viral infection, and not bacterial 

infection [Schluns et al 2000].

Using a well established RT-PCR protocol we could not find any detectable IL-21 

mRNA in PBL’s o f  humans with sepsis, suggesting that lL-21 is predominantly produced by 

lymphocytes populations other than PBL’s, or that lL-21 is not o f pivotal importance in the 

immune response to infection in adults. This is consistent with existing literature, which 

implicates IL-21 in the pathogenesis of autoimmune diseases such SLE, diabetes and 

psoriasis [Spolski et al 2008, Datta et al 20081.

The link between sepsis and lymphocyte apoptosis is well established, with several 

investigators reporting down-regulation of gene expression o f the anti-apoptotic protein Bcl- 

2 and up-regulation o f gene expression o f antagonistic pro apoptotic proteins such as Bid and 

Bax. In addition, there is evidence from animal sepsis models that manipulation o f these 

regulators o f apoptosis may improve outcome [Turrel-Davin et al 2010, W eber et al 2008, 

Bilbault et al 2004]. However we noted that Bcl-2 and related genes were also dysregulated 

in patients with infection, but to a lesser extent than in septic patients. Thus lymphocyte 

apoptosis is not exclusively a feature o f sepsis. It is plausible that the reported changes in 

Bcl-2 related genes in septic patients reflect underlying changes in gene expression o f the 

gam.ma chain family o f cytokines, specifically lL-2 and lL-7.
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In this study there was a notable decrease in Bcl-2 gene expression in septic patients 

who received intravenous corticosteroids. Corticosteroids are administered to patients with 

septic shock to attenuate the severity o f the shock state and to shorten the duration o f  shock. 

However while steroids are quite effective in treating hypotension in patients with sepsis, 

there is an increased incidence o f subsequent nosocomial infection when steroids are used for 

this purpose. This increase in nosocomial infection is o f such magnitude as to negate any 

potential therapeutic benefit from steroids in sepsis [Sprung et al 2008]. In this study patients 

who received corticosteroids exhibited a marked decrease in Bcl-2. Bcl-2, an anti-apoptotic 

peptide, is reduced in patients with sepsis in the first instance. Thus corticosteroids may 

augment pre-existing lymphocyte apoptosis in patients with sepsis, and thus impair 

lymphocyte responsiveness in sepsis, which would not be a beneficial effect in patients with 

established infection. Inhibition o f Bcl-2 gene expression in patients with late sepsis may 

account for the clinical observation in larger sepsis studies that steroid usage is linked with 

an increase in the incidence o f nosocomial infection.

Caspase-9 gene expression was decreased late in sepsis in patients who subsequently 

died. Caspase-9 activates Caspase-3 thereby mediating a pro-apoptotic effect and thus the 

decrease in Caspase-9 gene expression in late sepsis could be anticipated to inhibit 

lymphocyte apoptosis. This is the only anti-apoptotic signal that we identified in septic 

patients. While lymphocyte apoptosis is a well-recognized phenomenon is patients with 

severe sepsis [Lang et al 2009] and antagonism o f lymphocyte apoptosis has been identified 

as a putative therapeutic option for sepsis therapy in the future. The discordance between the 

pro-apoptotic pattern o f Bcl-2 / Bax and Bim gene expression on one hand and the anti- 

apoptotic effect o f decreased Caspase-9 illustrates both the complexity o f  lymphocyte 

apoptosis in sepsis, and the dominant effect o f the Bcl-2 / Bax and Bim pathway in 

generating lymphocyte apoptosis in humans with sepsis.
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These resuhs elaborate upon our existing knowledge o f  the aberrant immune response 

observed in patients with sepsis. Gene expression o f the cytokines required to maintain T cell 

homeostasis appears to be decreased in PBL o f septic patients. Hence in septic patients there 

appears to be a complex multi-factorial immune paresis.

Conclusion

In conclusion there is a relation between aberrant gene expression o f  the yc family o f 

cytokines, and the human immune response to infection and the onset o f sepsis.
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Chapter 6 - Results (4): Cytokine gene expression and post-operative pneumonia
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Introduction

Thoracic surgery is frequently complicated by postoperative, hospital-acquired 

pneum onia (HAP) which has an associated mortality rate o f 25-30% [Dales et al 1993], 

W hile the risk factors for HAP after thoracic surgery have been reported [Arozullah et al 

2001], these risk factors consist o f demographic factors and indices o f  pulmonary 

dysfunction, which are largely immutable. Few studies have investigated the immune 

response after thoracic surgery, and none have identified any link between the occurrence o f 

infection in this setting and an underlying immune suppression.

The nature o f the (cytokine mediated) immune response may be o f considerable 

importance, in generating an initial predisposition for the occurrence o f infection in the first 

instance, and determining the subsequent outcome o f infection. Infection after surgery has, 

for example, been linked with down-regulation o f IFN-y production by monocytes and 

inhibition o f inducible lL-12 production [Dooke el al 1997], while trauma patients who 

develop sepsis exhibit greater lL-10 levels in peripheral blood [Sherry et al 1996], Sepsis 

after oesophageal surgery has been linked with alleles o f the TNF gene [Mira et al 1997, 

Azim et al 2007]. In the study o f Azim et al, polymorphisms in the promoter region o f  the 

TNFa gene lead to altered expression o f TNFa and a possible link with infection after major 

surgery. Similarly, this laboratory has previously demonstrated that the occurrence o f  sepsis 

in patients with infection is related to increased IL-10 and reduced IFN-y and TN Fa mRNA 

expression in PBLs compared to patients who tolerate infection without consequent end 

organ dysfunction [O’Dwyer et al 2006]. A link between the expression o f the IL-23 and IL- 

27 genes in PBLs and the occurrence of sepsis in patients with infection has also been 

reported [O’Dwyer et al 2008]. This is significant since IL-23 and lL-27 are both members o f 

the IL-12 family o f cytokines and are important regulators o f the interaction between the 

innate and adaptive immune response to infection [Hunter et al 2005].



162

As outlined in a previous chapter, the y chain family o f cytokines that includes IL-2, 

IL-7, IL-15 and IL-21, regulate lymphocyte homeostasis. These cytokines act on distinct 

lymphocyte populations; IL-2 is a T cell growth factor that both promotes and dampens the 

immune response, the latter by stimulating T reg cell development [Schluns et al 2003]; IL-7 

is critical for T and B cell development and is a potent lymphocyte survival factor [Fry et al 

2005]; IL-15 is a trophic factor for NK cells and CDS"  ̂ T cell homeostasis [Ma et al 2005] 

and IL-21 is a critical regulator o f T and B cell function [Sarra et al 2011]. The cellular 

effects o f IL-2 and IL-7 are in part mediated by regulating apoptosis marker such as Bcl-2, 

Bax and Bim [Khaled et al 2002, Lord et al 2000] but also by modulating caspase gene 

expression [Amos et al 1998, Jaleco et al 2003], We were interested in investigating whether 

the expression o f these mediators o f apoptosis is altered in surgical patients, and whether 

such changes in gene expression are linked with the occurrence o f infection after surgery.

As mentioned above, this group has previously shown a link between effector 

cytokine gene expression in PBLs and human response to infection [O’Dwyer et al 2006, 

O’Dwyer et al 2008], In these studies, cytokine gene expression in PBLs was assayed by 

reverse transcriptase polymerase chain reaction according to an established protocol 

[Stordeur et al 2002]. Collectively, these studies indicate a link between characteristic 

patterns o f cytokine gene expression and the human host response to infection. However 

these studies focused on patients with established infection and/or severe sepsis, and at a 

single point in time, and did not report on the initial temporal pattern o f cytokine response at 

the onset o f infection. As thoracic surgical patients have such a high incidence o f 

postoperative pneumonia, we decided to study these patients as they provide an ideal model 

for a study o f the link between cytokine gene expression and the onset o f infection in humans. 

Thus, we investigated the relationship between the occurrence o f infection and cytokine gene 

expression in PBLs after thoracic surgery.
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Study Aims:

1. To study changes in cytokine gene expression occuring after lung resection surgery.

2. To determine whether the occurrence o f postoperative HAP after thoracic surgery is 

related to identifiable patterns o f expression o f cytokines.

Results

1. Gene expression in pneumonia and non pneumonia groupsat baseline before surgery

Pre-operative cytokine mRNA levels in PBLs were similar in patients with an 

uneventful recovery and those that went on to develop HAP post-operatively. These results 

are tabulated in Table 6.1
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Table 6.1 Cytokine mRNA gene expression in Thoracic Surgery Patients at baseline 
(24 hours pre surgery)

HAP Non HAP P
N=18 N=42

TNF, 49,364 58,664 ns
19,634-289611 18,147-176,554

IFN-. 888 631 ns
346-1,307 299-1,088

TGF-,1 1,975,616 1,905,243 ns
698,613-3,512,103 674,625-3,012,287

IL-10 730 566 ns
587-1,783 323-1,688

IL-12p35 10,924 11,502 ns
5,074-31,154 6,838-28,321

IL23pl9 50,155 35,478 ns
24,598-88,552 19,676-63,534

IL-27p28 399 369 ns
216-516 131-512

IL-2 181 269 ns
83-323 121-558

IL-7 1,193 1,115 ns
550-1677 574-1552

IL-15 2,724 1,901 ns
1,762-4,038 1,239-5,661

Bcl-2 13,329 13,326 ns
10,289-16,297 10,291-26,144

Bim 545 959 ns
219-958 422-1,579

Table 6.1 Cytokine mRNA gene expression in Thoracic Surgery Patients. Cytokine 
mRNA gene expression was analysed at baseline Day 0 (24 hours before surgery). HAP = 
Hospital Acquired Pneumonia. Non HAP = Non Hospital Acquired Pneumonia. TNF., 
IFN-., TG F-.l, ILIO, IL-12p35, IL-23pl9, IL27p28, IL-2, IL-7, IL-15, Bcl-2 and Bim are 
expressed as copy numbers o f cytokine mRNA per 10 million ,-Actin mRNA copy 
numbers. Values represented as medians and interquartile range. Between groups analysis 
is by Wilcoxon Rank Sum test. N denotes number o f patients in each group. N=number o f 
patients in each group.
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2. Cytokine gene expression in pneumonia and non pneumonia groups 24 liours 

after surgery

The expression o f TNFa, IFN-y, IL-10, TGFp-l, IL-12 family, Gamma chain cytokines 

and their apoptosis mediators were assayed on the first day after surgery (Day 1). On the 

first post-operative day, IL-23 mRNA levels were significantly lower in PBLs in HAP 

compared with the non-HAP group, as were IL-2 mRNA levels. These results are 

tabulated in Table 6.2. In contrast, there was no difference in TNFa, IFN-y, TGF-pi, IL- 

12p35, IL-27p28, IL-7, IL-15, Bim, and Bcl-2 gene expression between the HAP and non 

HAP groups day 1 post surgery.
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Table 6.2 Cytokine mRNA gene expression in Thoracic Surgery Patients at 24 hours 
after surgery

HAP Non HAP P

TNF a 41,162 42,922 ns
24,749-189,465 24,199-302,944

N 19 41
IF N -y 329 336 ns

29-1,603 123-3,884
N 19 41
TGF- i3 1 1.7*10^ 1.5*10^ ns

0.7*10^-3.5*10^ 0.57*10^-3.8*10^
N 19 41
IL-10 3,262 1,854 ns

482-17,715 230-10,389
N 17 39
IL-12p35 10,924 11,503 ns

5,075-31,154 6,838-28,321
N 18 41
IL23pl9 15,465 31,420 0.02

8,071-51,614 7,101-206,943
N 18 41
IL-27p28 293 310 ns

101-625 30-1,226
N 18 41
IL-2 65 129 0.03

14-216 31-508
N 14 37
IL-7 727 1,068 ns

31-1,804 402-2,319
N 19 41
IL-15 2,107 1,646 ns

720-12,803 813-6,262
N 15 38
Bcl-2 63,064 63,079 ns

44,818-86,257 44,084-74,272
N 19 41
Bim 464 1,295 ns

172-1,500 280-1,733
N 19 41

Table 6.2: Cytokine mRNA gene expression in Thoracic Surgery Patients. Cytokine 
mRNA gene expression was analysed at baseline Day 1 (24 hours after surgery). HAP = 
Hospital Acquired Pneumonia. Non HAP = Non Hospital Acquired Pneumonia. TNF a , 
IFN - 7  ,TGF-/3 1, ILIO, IL-12p35, IL-23pl9, IL27p28, IL-2, lL-7, IL-15, Bcl-2 and Bim 
are expressed as copy numbers o f cytokine mRNA per 10 million jS -Actin mRNA copy 
numbers. Values represented as medians and interquartile range. Between groups analysis 
is by Wilcoxon Rank Sum test. N denotes number o f patients in each group. N denotes the
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number o f patients in each group.
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Table 6.3 Cytokine mRNA gene expression in Thoracic Surgery Patients Day 5 post
surger>’

HAP Non HAP P

TNF a 80,537 58,116 ns
12,942-431,292 8,861-793,068

N 17 39
IFN-y 305 640 0.03

102-1,522 144-1,820
N 16 38
TGF- /3 1 1,627,050 2,105,956 ns

1,349,438-3,352,741 1,742,461 -2,523,924
N 17 37
IL-10 1,866 1,232 ns

229-5,656 77-2,987
N 16 37
IL-12p35 8,966 8,778 ns

4,401 -42,464 3,313-40,995
N 17 37
IL23pl9 31,812 37,488 ns

3,703-1,068,548 4,486-176,848
N 17 37
IL-27p28 281 253 ns

78-1155 33-667
N 16 36
IL-2 85 117 ns

15-372 24-247
N 15 37
IL-7 785 1,485 0.005

144-1,676 431-3,651
N 17 39
IL-15 1,585 975 ns

891-3,132 641-2,527
N 15 30
Bcl-2 51,626 40,969 ns

16,775-81,746 19,293-78,913
N 19 41
Bim 838 600 0.04

577-2,063 175-1,270
N 19 41

Table 6.3:
Cytokine mRNA gene expression in Thoracic Surgery Patients. Cytokine mRNA gene

expression was analysed at Day 5 post surgery. HAP = Hospital Acquired Pneumonia.

Non HAP = Non Hospital Acquired Pneumonia. T N F a , IFN-y,TGF-j3 1, ILIO, IL- 

12p35, lL-23pl9, IL27p28, IL-2, IL-7, lL-15, Bcl-2 and Bim are expressed as copy 

numbers of cytokine mRNA per 10 million /3 -Actin mRNA copy numbers. Values
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represented as medians and interquartile range. Between groups analysis is by Wilcoxon 

Rank Sum test. N denotes number of patients in each group. N denotes the number of 

patients in each group.
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Relative change in mRNA over time

Day 1 post-operative mRNA in HAP and non HAP groups

On the first post-operative day, IL-23 and IL-2 mRNA levels were lower in PBLs 

from patients with subsequently contracted HAP compared with the non HAP group (Table 

6.2). Cytokine mRNA levels on the first post-operative day for each individual patient was 

compared to pre-operative values, (i.e. pre operative levels divided by post-operative levels), 

such that ratio >1 represents peroperative decrease in cytokine mRNA. Using this measure, 

patients who developed postoperative respiratory infection had a significant decrease in IL- 

23, TNFa and IL-2 and IL-7 mRNA expression (Table 6.4). There was no relationship 

between the occurrence o f HAP and peroperative change in cytokine mRNA on day 5 (i.e. 

comparing baseline and day 5). When analysing these changes in cytokine mRNA, and 

adjusting the p value to take into account the multiple comparisons o f eight cytokine changes 

at two time points (thus 16 comparisons), the peroperative change in IL-23 on day 1 after 

surgery remains significant, whereas the peroperative changes in TNFa on day 1 after 

surgery are of borderline significance.

On the first post operative day IL-23 mRNA decreased compared with preoperative 

values in 34 patients; 18 o f these 34 patients developed HAP, whereas none o f the patients 

with unchanged IL-23 expression developed HAP (p=0.00002). A patient with a decrease in 

IL-23 mRNA on the first day after surgery had a 2.4 fold (95% Cl, 1.7-3.6) relative risk of 

developing HAP.

Likewise, on the first postoperative day, TNFa mRNA decreased compared with 

preoperative values in 26 patients; 13 of these 26 patients developed HAP (p=0.005). Patients 

with peroperative decrease in TNFa mRNA had a 2.7 fold (95% Cl, 1.3-3.9) relative risk of 

developing HAP.
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Nineteen patients had a combined decrease in IL-23 and TN Fa mRNA, and 13 o f 

these developed HAP, whereas only five o f the other 38 patients developed HAP (p<0.0001). 

Patients with combined (i.e. decrease in IL-23 and TNFa) decrease in cytokine mRNA had a 

4.7 fold (95% Cl, 2.1-10.3) relative risk o f developing HAP. Again allowing for multiple 

comparisons (using a Bonferroni correction) o f eight cytokines, these observations remain 

statistically significant.

When the relative changes in cytokine mRNA were considered, there was a 

significant link between a decrease in IL-2 (14 patients) and IL-7 (16 patients) gene 

expression on the first day after surgery and the subsequent occurrence o f  HAP (Table 6.5). 

Allowing for the multiple comparisons of mRNA levels, at three time points, peroperative 

change in IL-2 still retains statistical significance (p=0.002) while the significance o f change 

in IL-7 is borderline (p=0.05).
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Table 6.4: Relative Change in cytokine mRNA in the first 24 hours after surgery

HAP Non HAP P Value

IL-10 0.31 (0.06-1.14) 0.36(0.09-1.69) ns

N 17 36

IL-12p35 1.3 (0.48-32.3) 1.24(0.24-7.6) ns

N 18 38

IL-23pl9 2.84 (1 .3 9 -7 .9 5 ) 0.83 (0 .1 0 -6 .9 2 ) 0.0006

N 18 39

IL-27p28 1.15 (0.4-3.29) 0.85 (0.2-4.15) 0.05

N 16 36

TNFa 1.63 (0.24-18.6) 0.79(0.15-3.67) 0.004

N 18 41

IFN-y 1.94 (0.74-22) 1.4(0.12-3.12) ns

N 16 37

IL-2 6.7 (2.1-28.1) 1.1 (0.3-4.7) <0.0001

N 14 37

IL-7 1.2(0.9-6.2) 0.9 (0.5-2.1) 0.003

N 18 41

Table 6.4. Data represents the ratio o f pre operative mRNA to post-operative mRNA; the 
preoperative value divided by the post-operative value. All values are quotes as median and 
lO'^ to QÔ’’ centile range. Comparison is by Wilcoxon Rank Sum test. N denotes the number 
o f patients in each group.
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Table 6.5 Perioperative Changes in Cytokine mRNA 24 hours after Surgery 

Cytokine HAP Non HAP Relative P Value

mRNA Risk

N 18 39

IL-23 2.84 (1.39-7.95) 0.83 (0.1-6.92) 0.0006

Decrease in IL-23 18/18 (100%) 16/39(41% ) 2.4(1.7-3.6) <0.0001

N 18 41

TN Fa 1.63 (0.24-18.6) 0.79(0.15-3.67) 0.004

Decrease in TNFa 13/18(72% ) 13/41(32% ) 2.3 (1.3-39) 0.005

N 14 37

IL-2 6.7 (2.1-28.1) 1.1 (0.3-4.7) <0.0001

Decrease 14/14(100%) 17/37(46% ) 1.8(1.4-2.5) 0.002

N 18 41

IL-7 1.2(0.9-6.2) 0.9 (0.5-2.1) 0.003

Decrease 16/18(89% ) 17/41(42% ) 2.1 (1.4-3.2) 0.0007

Table 6.5; Data represents the ratio o f preoperative mRNA to postoperative mRNA (the 
preoperative value divided by the post-operative value). Values are given as median and 10*'’ 
and 90*'̂  centile range. Comparison is by Wilcoxon rank sum test. Categoric data are 
presented as percentages in parentheses, with comparisons by Fischer exact test. Relative risk 
refers to the relative risk for HAP in patients with a perioperative decrease in cytokine 
mRNA. N denotes the number o f patients in each group.
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Day 5 post-operative mRNA comparison in HAP and non HAP group

On the fifth post-operative day, patients who developed pneumonia had lower levels 

o f  IFN-y mRNA and Bim mRNA levels (Table 6.3). When the change in cytokine mRNA 

between the baseline value and the value for the fifth post-operative day for each individual 

patient was calculated as outlined above, patients who developed postoperative respiratory 

infection had a significant decrease in IFN-y mRNA (Table 6.6).

Table 6.6: Relative Change in cytokine mRNA in 5 days after surgery

Pneumonia No Pneumonia P Value

IFN-y 2.4 (0.4-6.5) 1.04(0.3-8) 0.05

N 13 32

Table 6.5: Data represents the ratio of pre operative mRNA to post-operative mRNA; the
preoperative value divided by the post-operative value. All values are quotes as median and 
10“'' to 90‘̂  centile range. Comparison is by Wilcoxon Rank Sum test. N denotes the number 
o f patients in each group.

When cytokine mRNA levels on the fifth postoperative day were compared with 

preoperative values, the reduction in IFN-y expression was greater in patients who developed 

HAP (n-13; median 2.4; 10*'’ -  90'*’ centile, 0.4-66.5) than the non HAP group (n=32; median, 

1.04; 10*'' -90*’’ centile. 0.3-0.8; p=0.05). However, this change would not retain statistical 

significance after allowing for multiple comparisons.

When cytokine mRNA levels on the fifth postoperative day were compared with 

preoperative values, the reduction in IFN-y expression was greater in patients who developed 

HAP (n=13; median 2.4; 10*'’ -  90*’’ centile 0.4-66.5) than the non-HAP group (n=32; median 

1.04; 10*'*-90*'’ centile 0.3-0.8; p=0.05). However, this change would not retain statistical 

significance after allowing for multiple comparisons.
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HAP was observed with greater frequency in pneumonectomy (two patients in HAP 

group (N=19) had pneumonectomy) compared to lobectomy (seventeen patients in HAP 

group (N=19) had lobectomy) (p=0.03), however there was no association between 

pneumonectomy and a decrease in cytokine gene expression. Both pneumonectomy and 

changes in cytokine gene expression profiles remain independent risk factors for HAP.

Cytokine Protein Measurement by ELISA

Cytokine protein measurement by ELISA on lL-6, IL-23, IFN-y, IL-2 and IL-7 in 

both groups was carried out preoperatively and on days 1 and 5 post surgery (Table 6.7). 

There was no difference in protein expression between HAP and non HAP groups and no 

correlation between cytokine gene and protein expression. When cytokine levels on the first 

postoperative day were compared with preoperative values for individual patients, there was 

no relation between the occurrence o f HAP and peroperative change in cytokine protein 

expression on day 1 (table 6.7)



176

Table 6.7 Cytokine Protein levels by ELISA Days 0 ,1 and 5

Cytokine Protein Non HAP HAP

pg/mL N=36 N=17

IL-2 Day 0 285.8 312.8

(195.8-983.8) (109.0-1,034.7)

IL-2 Day 1 160.8 176.8

(87.3-302.4) (75.5-336.9)

IL-2 Day 5 182.1 195.9

(112.4-255.3) (77.7-383.3)

IL-6 Day 0 54.7 69.4

(38.8-286.5) (26.4-286.6)

IL-6 Day 1 59.6 56.0

(14.3-221.4) (13.2-238.6)

IL-6 Day 5 49.8 94.1

7.3-302.1 2.71-158.4

IL-7 Day 0 5.3 7.4

(4.9-11.8) (6.1-12.6)

IL-7 Day 1 2.2 1.4

(0.5-8.4) (0.5-5.9)

IL-7 Day 5 1.1 2.4

(0.6-6.9) (0.6-9.6)

IL-23 Day 0 83.67 92.95

(23.6-486.3) (18.7-364.9)

IL-23 Day 1 78.4 87.1

(11.7-366.7) (11.45-831.2)

P Value

0.7

0.9

0.2

0.61

0.52

0.52

0.3

0.6

0.3

0.78

0.54
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IL-23 Day 5 79.9 91.6 0.34

(39.7-359.3) (9.0-599.0

IFN-. Day 0 27.6 23.1 0.26

(10.1-67.4) (15.6-41.5)

IFN-. Day 1 21.8 22.6 0.63

(12.1-51.6) (12.9-35.9)

IFN-. Day 5 21.4 22.0 0.95

(17.4-29.0) (14.2-39.0)

Table 6.7: Cytokine protein levels in thoracic study groups on day 0, 1 and 5 post surgery. 
Values are expressed as median and interquartile range. Between group comparisons is by 
Wilcoxon rank sum test. N denotes the number o f patients in each group.
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Discussion

In this study distinct patterns o f change in cytokine gene expression were observed in 

patients who developed HAP after surgery. These changes in cytokine gene expression were 

similar to those observed in PBLs o f septic patients. Thoracic surgery is generally elective 

surgery, on a sterile body cavity, in patients with a defined disease process, with no infection 

at the time o f surgery, and with a significant incidence o f HAP within the first week after 

surgery. Therefore, it provides an interesting model o f the onset o f infection after surgery.

IFN-y and TNFa are o f pivotal importance in the generation o f a robust bactericidal 

phagocytic response to infection [Boehm et al 1997]. There is ample evidence that these two 

cytokines are essential for immune competence. In this regard, humans deficient in IFN-y 

develop recurring gram-negative infections [Zhang et al 2008], and carriage o f polymorphic 

IFN-y receptor alleles has been linked to greater risk for tuberculosis infection [Condos et al 

1997], Pharmacologic TNFa antagonism is associated with increased susceptibility to 

opportunistic infection [Dhainaut et al 1995] and prior attempts to treat septic shock with a 

TNFa antagonist have proven harmful [Fischer et al 1996]. Lymphocyte TNFa production is 

attenuated in families o f patients who succumb to meningococcal infection [Westendorp et al 

1997], and persistent septic shock is associated with decreased IFN-y and TNFa gene 

expression in PBL’s [O’Dwyer et al 2006]. Thus, there is a physiologic basis for the link 

between the occurrence o f  infection and deficient TNFa and IFN-y.

The IL-12 family o f cytokines, which includes IL-23 and IL-27, are master regulators 

o f the immune response to infection [O’Dwyer et al 2006]. IL-12, the prototypic cytokine in 

this family is produced by antigen presenting cells and promotes IFN-y production by both 

NK cells and CD4 cells [Del Vecchio et al 2007]. In this study, there was no relation 

between IL-12 gene expression in PBLs and the occurrence o f infection, however there was a 

clear relation between the occurrence of infection and a reduction in IL-23 gene expression.
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These resuhs are in accordance with previous studies by this group, which investigated gene 

expression o f the IL-12 family o f  cytokines in patients with severe sepsis [O’Dwyer et al 

2006], While in vitro studies have reported that IL-12 is an important regulator o f  IFN-y gene 

expression, we observed no correlation between IL-12 and IFN-y gene expression in this 

study.

In contrast to IL-12, we did observe an association between deficient expression o f 

IL-23 in PBLs and the occurrence o f  infection in this study. This is in keeping with previous 

observations that decrease in IL-23 expression is linked with the occurrence o f  sepsis and 

adverse outcome in sepsis [O’Dwyer et al 2008]. IL-23 is a pleiotrophic cytokine, which acts 

on many cell lines, including macrophages and CD4 cells [Happel et al 2005]. The 

importance o f IL-23 in generating an immune response to infection was analysed in IL-23 

deficient mice, where it was apparent that IL-23 deficiency increases mortality in an animal 

model o f pneumonia. While this effect may in turn be related to deficient IL-17 production 

[Rudner et al 2007], the data presented in chapter 4 suggests a less important role for IL-17 

gene expression in PBLs o f humans with infection and sepsis. However, an alternate animal 

model indicated that IL-17 might be o f primary importance in generating an adequate 

immune response to infection exclusively in the absence o f  adequate IFN-y [Happel et al 

2005]. In this study there was a significant correlation between TN Fa and IL-23 gene 

expression. Thus, it is apparent from these collective human studies o f PEL gene expression 

that the IL-23 / TNFa axis is important in the initiation o f the immune response to infection 

in patients.

In this study, the prototypic anti-inflammatory cytokine lL-10 was not linked with the 

occurrence o f infection, while the novel anti-inflammatory cytokine IL-27 was unchanged in 

patients who developed HAP. Thus, in these post-operative patients the onset o f infection 

was linked to a deficiency in the expression o f genes encoding proteins that are involved in
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generating a bactericidal response to infection, rather than a predominant anti-inflammatory 

response. This data differs from that o f other studies that reported an excess anti

inflammatory cytokine response in patients with established infection and sepsis 

[Westendorp et al 1997, Oberholzer et al 2000, Bone et al 1996, Osuchowski et al 2006]. 

The discordance between these findings may be explained by methodological difference, as 

in contrast to prior studies, the present study tested human cytokine response at the time o f 

the onset o f clinical infection rather than in patients with established infection. By inference, 

these results suggest that the well-described anti-inflammatory response in infection and 

sepsis, although important, may not be a primary or causal event [Paul et al 1981]. The onset 

o f infection is linked with differential gene expression o f y chain cytokines IL-2 and lL-7. IL- 

2, the prototypical member o f the y chain cytokine family, is secreted after T cell receptor 

(TCR) stimulation [Sojka et al 2004]. It acts as a T cell growth factor [Kim et al 2006], and 

plays a pivotal role in the T cell phenotype differentiation [Liao et al 2008], contributing to 

the development o f  regulatory T cells and immune tolerance [Sakaguchi et al 2000]. lL-2 

produced by T cells in an autocrine manner in the initial stages o f  T cell activation, is 

essential for the generation and maintenance o f effector and memory cells [Setoguichi et al 

2005]. It is plausible that the decrease in IL-2 gene expression, which we observed in patients 

with post-operative infection, may reflect a failure o f T cell activation.

IL-7 is a recognised lymphocyte survival factor [Unsinger et al 2010]. Produced by 

stromal and epithelial cells in the bone marrow, by the thymus and by fibroblastic reticular 

cells in T zones o f secondary lymphoid organs, and by dendritic cells, IL-7 regulates T cell 

activation by dendritic cells [Guimond et al 2009, Saini etal 2009]. The bio-availability of 

IL-7 is determined both by its production and consumption by €04"^ T cells [Fry et al 2005].

IL-7 regulates T cell homeostasis in part by increasing the expression o f Bcl-2, and 

by inhibiting the expression o f the pro apoptotic factors Bax and Bim [Mazzucchelli et al
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2007, Pellegrini et al 2009]. While we observed differential gene expression o f Bcl-2 and 

Bim in patients with sepsis, these effects were not obvious immediately after surgery in the 

initial stages o f infection.

In this study o f adults with bacterial infection, IL-15 gene expression was similar in 

all patient groups. This is not surprising as IL-15, in concert with IL-7, acts as a regulator o f 

CD8+ T cells, whose primary role is in the immune response to viral infection rather than 

bacterial infection [Schluns et al 2000].

The link between sepsis and lymphocyte apoptosis is well established, with several 

investigators reporting down-regulation o f gene expression o f the anti-apoptotic protein Bcl- 

2 and up-regulation o f gene expression o f antagonistic pro-apoptotic proteins such as Bid and 

Bax [Tunel-Davin et al 2010, Chung et al Shock 2010, W eber et al 2008]. In addition, there 

is evidence from animal sepsis models that manipulation o f these regulators o f apoptosis may 

improve outcome [Turrel-Davin et al 2010, Weber et al 2008, Bilbault et al 2004]. However 

we noted that Bcl-2 and related genes were also dysregulated in patients with infection, but to 

a lesser extent than in septic patients. Furthermore, prior to the onset o f infection we 

observed changes in IL-2 and IL-7 gene expression without any change in expression o f the 

Bcl-2 related genes. As the effects o f IL-2 and IL-7 are mediated in part by regulating Bcl-2 

and related genes, it is plausible that the reported changes in Bcl-2 related genes in septic 

patients reflect underlying changes in gene expression o f  the gamma chain family o f 

c>tokines, specifically IL-2 and IL-7.

The present study has several potential limitations that need consideration. First there 

is no gold standard definition o f HAP and the diagnosis remains controversial. Clinical 

diagnosis o f pneumonia is sensitive but not specific. Invasive diagnostic strategies for HAP 

generally use bronchoscopy to obtain quantitative cultures. While more specific, 

bronchoscopic diagnosis is invasive and is not routine practice in our institution for post-
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operative thoracotomy patients. We used the CDC NNIS pneumonia flow diagram [CDC 

Guidelines 1989], The algorithm incorporates both clinical and microbiologic data.

Secondly, although protein quantification may preferably be the most precise 

depiction o f gene function, we have previously demonstrated that protein analysis lacks 

sensitivity and accuracy in this setting [O’Dwyer et al 2006], This study again shows that 

qRT-PCR is sensitive and precise method o f  quantifying immunological mediators and has 

potential for widespread use in a clinical scenario.

The simple algorithms based on cytokine gene expression patterns, which 

characterised patients at high risk for postoperative pneumonia, may potentially be o f use in 

identifying patients at high risk for developing HAP and initiating therapy with anti

microbial agents in a pre-emptive manner. This individualized approach to preventing 

postoperative HAP would represent a significant change from current practice which consists 

o f treating patients by protocol with an array o f interventions, which presently almost 

exclusively consist o f physical interventions such as chest physiotherapy or incentive 

spirometry and which are o f dubious merit [Paul et al 1981], If this concept proved to be 

valid then it might be possible to significantly reduce the nosocomial infection rate after 

thoracotomy, and indeed after other major surgeries.

Conclusion

In conclusion, this study demonstrates that patients who develop postoperative HAP exhibit 

distinct patterns o f cytokine gene expression before the clinical onset o f pneumonias. Simple 

algorithms based on cytokine gene expression patterns, may potentially be o f use in 

identifying patients at high risk for developing nosocomial respiratory infection and initiating 

therapy with anti-microbial agents promptly.
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Chapter 7 - Results (5): In vitro stimulation of lymphocyte subset in PBLs
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Introduction

IL-2 the prototypical member o f the y chain cytokine family, is secreted after TCR 

stimulation [Sojka et al 2004] and acts as a T cell growth factor [Kim et al 2006], plays a 

pivotal role in the T cell phenotype differentiation [Liao et al 2008], contributing to the 

development o f Treg cells and immune tolerance [Sakaguichi 2000], IL-2 produced by T 

cells in an autocrine manner in the initial stages o f T cell activation, is essential for the 

generation and maintenance o f effector and memory cells [Setoguichi et al 2005]. IL-2 

preferentially expands a subpopulation o f regulator T cells, CD4^ CD25^ Treg cells 

thatmaintain immune tolerance [Cheng et a l2 0 \ \] .  Bcl-2 is an anti-apoptotic member o f  the 

larger BCL2 family o f intracellular proteins. Transgenic over-expression o f Bcl-2 in both T 

and B cells results in a decrease in apoptosis in these cell types and improved survival in 

murine models o f sepsis [Iwata et al 2011], IL-2 is one o f the primary stimulants for the 

production o f Bcl-2; apoptosis upon withdrawal of lL-2 is in part attributable to a reduction 

in expressed Bcl-2 [Kalbasi et al 2010].

To better understand the molecular mechanisms observed in sepsis associated with 

reduced IL-2 gene expression, we investigated the effect o f exogenous lL-2 on cytokine gene 

expression in cultured PBLs to determine whether IL-2 might plausibly be considered as an 

immune adjuvant for patient with sepsis.

Aims

1. To identify the lymphocyte subsets in PBLs.

2. To determine whether recombinant Interleukin-2 alters differential gene

expression patterns observed in PBLs.



185

Results 

Cell subset analysis flow cytometry. 

M ajor lymphocyte populations

The percentage of total lymphocyte and monocyte populations were estimated based 

on characteristic forward and side scatter parameters with flow cytometry. T cells, NK cells 

and monocytes were identified as CDS" ,̂ CD3'^-CD56^, and CD 14"̂  populations respectively 

and expressed as a percentage of total population. There was no significant difference in 

monocytes in PBLs of controls 4.9% (lO'*̂  to 90*'’ centile 2.5-6.9%) compared to PBLs from 

septic patients 5.2% (10‘̂  to 9 0 \en tile  2.7-7.1%); p=0.9. Likewise there was no significant 

difference in NK cells in PBLs in controls 1.6 (lO”’ to 90'*’ centile 0.3-3.4) compared to sepsis 

PBLs 0.6 (lO'^ to 90*'’ centile 0.3 to 3.8); p=0.4. There was significant difference in the 

percentage of iNKT cells, with reduced iNKT cells in septic PBLs median 0.2% (10**’ to 90^ 

centile 0.1-0.7) compared to control samples median 0.8% (lO'*’ to 90*'’ centile 0.2-1.0); 

p=0.05.

There was a significantly higher proportion of T cells (CD3^) in controls 83.9% (10*'’ 

to 90*'’ centile 77.5 -  92.7) compared to sepsis samples 61.3% (10*'’ to 90*'’ centile 54 -  

67.2%) of total gated samples; p=0.009. There was also a significantly greater CD3"^CD4^ 

cells in PBLs of septic patients; median 11.1%  (10*'’ to 90*''centile 65.5-84) compared to 

control samples median 53.6% (lO*** to 90*'’ centile 25.7-66.4); p=0.04. These lymphocyte 

populations are outlined in table 7.1

T cell surface receptor expression

Cell surface expression of the IL-2 receptor in T cells CD4^CD25^, that characterises 

activated T cells, was similar in sepsis and control samples (Table 7.1). Expression of the IL-
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7 receptor, CD 127^, which is expressed on naive and memory T cells, is increased on 

CD3^1ymphocytes from patients with sepsis but reduced on NK cells compared to control 

samples (Table 7.1).
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Table 7.1 Cell surface antigen staining % total peripheral blood leukocytes

N

M onocytes

Lymphocytes

Control

5

4.9(2.5-6.9)

Sepsis p

5

5.2(2.7-7.1) 0.9

iNKT 0.8(0.2-1.0) 0.2(0.1-0.7) 0.05*

B cells 6.1(5.2-12.8) 16.2(1.9-18.1) 0.62

NK cells 2.0(0.1-8.0) 4.6(0.6-12.7) 0.25

CD56+CD127+ 66.5(62.7-73.9) 20.9(3.9-53.9) 0.01*

CD56^ 1.6(0.3-3.4) 0.6(0.3-3.8) 0.40

CD3+ 83.9(77.5-92.7) 61.3(54.0-67.2) 0.009*

CD3+CD4+ 53.65(25.7-66.4) 77.7(65.5-84) 0.04*

CD3+CD4+CD25+ 19.85(3.4-25.2) 11.4(1.8-16.5) 0.25

CD3+CD8+ 30.7(19.5-45.9) 16.1(14.4-33.6) 0.14

CD3+CD127+ 80.5(49.3-89.3) 97.2(87.2-98.6) 0.01*

Table 7.1: Cell surface antigen staining % total peripheral blood leukocytes. All values
are quoted as percentage values o f total peripheral blood leukocytes. All lymphocyte subsets 
are quoted as total gated lymphocytes. All values are quoted as median and 10*’’ to 90*’’ 
centile range. CD4+CD25+, CD4+, CD8+ are quoted as percentages o f T Lymphocytes. 
Between group comparison is by Mann Whitney. N denotes the number o f patient samples in 
each group.
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In vitro stimulation of peripheral blood leukocytes

PBLs from two patient groups, a control group of healthy volunteers (Control) and 

patients with Sepsis, were cultured with Medium, with Lipopolysaccaride (LPS), with anti 

CDS antibody (aCD3ab), and with phorbol myristate acetate and ionomyocin (PMA+iono). 

These cultures were performed in the presence and absence o f recombinant IL-2 (rlL-2).

This data was analysed with MANOVA and the JMP (SAS institure, Cary, NC.) 

software package. Briefly MANOVA permits an analysis of the effect of patient grouping, of 

the differing culture conditions, and the interaction between patient grouping and culture 

conditions. Where there was no significant effect of either patient group, or culture condition 

on overall MANOVA, then no further post hoc testing was performed. Post hoc testing was 

performed to clarify the interaction of patient group and culture conditions.

IFN-y gene expression

In these cell cultures gene expression was assayed using RT-PCR to measure 

cytokine mRNA. The relation between IFN-y gene expression, and patient group and 

exogenous stimulation, and the interaction of these factors, were analysed by MANOVA 

with post hoc testing.

Overall there was no relation between IFN-y gene expression and patient group; there 

was a significant relation between IFN-y gene expression and the type of exogenous 

stimulation (p<0.0001). On fully factorial MANOVA there was a significant interaction 

between patient group and the type of exogenous stimulation (p=0.001).

In post hoc testing, IFN-y gene expression was lower in the sepsis group when 

compared with controls, in the presence of control medium and in the presence of LPS; IFN- 

y gene expression was greater in the sepsis group in the presence of CD3 agonist antibody. 

IFN-y was similar in both groups with PMAfiono stimulation (Table 7.2). When this
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experiment was repeated in PBLs pretreated with rIL-2, there was no significant relation 

between patient group or exogenous stimulation and IFN-y gene expression (Table 7.3).

Table 7.2 IFN-y gene expression PBL in vitro stimulation

Stimulus Controls Sepsis P

N=5 N=5

Medium 4.3 (0.4) 2.1 (0.7) 0.04

LPS 5.9 (0.6) 2(1 .2) 0.0003

aCD3ab 4.4 (0.5) 7 (0.7) 0.01

PMA+iono 7.7 (1.3) 8.3 (0.3) ns

Table 7.2: IFN-y gene expression in PBLs (peripheral blood leukocytes) after in vitro 
stimulation with medium, LPS, aCD3ab, and PMA+iono. All values are expressed as 
mean with standard error± in parentheses. N denotes the number o f patients in each 
group.

Table 7.3

IFN-y gene expression PBL in vitro stimulation after pre treatment with 

recombinant IL-2

Stimulus Controls Sepsis P

N=5 N=5

Medium+rIL-2 5.5 (0.6) 4.5 (0.3) ns

LPS+rIL-2 6.8 (1.6) 5 (0.6) ns

aCD3ab+rIL-2 4.8(1 .1) 5.6 (0.4) ns

PMA+iono+rIL-2 5.8(1) 7.9 (0.9) ns

Table 7.3: IFN-y gene expression in PBLs (peripheral blood leukocytes) pre-treated 
with recombinant IL-2 (rIL-2) after in vitro stimulation with medium, LPS, aCD3ab, 
and PMA+iono. All values are expressed as mean with standard error± in parentheses. 
N denotes the number o f patients in each group.
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IL-7 gene expression

In PBL cultures there was no significant difference in IL-7 gene expression between 

patient groups by MANOVA, there was a significant relation between exogenous stimulation 

and IL-7 gene expression (p=0.004) and an interaction between the type o f exogenous 

stimulation and patient group (p=0.016) (Table 7.4). On post hoc testing IL-7 gene

expression was greater in patients with sepsis compared with controls after aCD3ab 

stimulation (p=0.007), and was similar with Medium alone, LPS and PMA+iono.

When this experiment was repeated with the addition o f exogenous rlL-2, there was 

no significant relation between IL-7 gene expression and patient group, or exogenous 

stimulation. However there was a significant interaction between the patient group and nature 

o f exogenous stimulation (p=0.016); IL-7 gene expression was lower in patients with sepsis 

than controls after PMA+iono in the presence o f rIL-2 (Table 7.5).
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Table 7.4 IL-7 gene expression PBL in vitro stimulation

Stimulus Controls Sepsis P

Medium 2.3 (0.4) 2.9 (0.4) ns

LPS 4 (0.9) 4.3 (0.2) ns

aCD 3ab 2.3 (0.4) * 4.35 (0.2)* *0.007

PMA+iono 3.4 (0.3) 2.6 (0.5) ns

Table 7.4; IL-7 gene expression in PBLs (peripheral blood leukocytes) after in vitro 
stimulation with medium, LPS, aCD3ab, and PMA+iono.
MANOVA Patient group, p=ns. Stimulus p=0.004, interaction between patient group 
and stimulus p=0.016.
Post hoc contrast; Sepsis v Control with aCD3ab; p=0.007.
All values are expressed as mean with standard error± in parentheses. N denotes the 
number o f patients in each group.

Table 7.5

IL-7 gene expression PBL in vitro stimulation after pre treatment with 

recombinant IL-2

Stimulus Controls Sepsis P

N=5 N=5

Medium+rIL-2 2.9 (0.5) 3.7 (0.1) ns

LPS+rIL-2 3 .4(1) 3.9 (0.3) ns

aCD3ab+rlL-2 3.7 (0.5)* 4.5 (0.4) ns

PMA+iono+rIL-2 3.9 (0.5) 2.2 (0.1)* 0.007

Table 7.5; IL-7 gene expression in PBLs (peripheral blood leukocytes) pre-treated 
with recombinant IL-2, after in vitro stimulation with medium, LPS, aCDSab, and 
PMA+iono.
MANOVA Patient group, p=ns. Stimulus p=ns, interaction between patient group and 
stimulus p=0.016.
Post hoc contrast; Sepsis v Control p=0.007.
All values are expressed as mean with standard error± in parentheses. N denotes the 
number o f patients in each group.
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IL-2 gene expression

When IL-2 gene expression o f cultured PBLs o f patients with sepsis and healthy 

controls were compared, there was no significant difference in IL-2 gene expression between 

patient Groups (Table 7.6). There was a significant relation between exogenous stimulation 

and IL-2 gene expression (p=0.0003); IL-2 gene expression was significantly greater with 

PMA+iono (p<0.0001) and aCD3ab (p=0.04) compared to medium alone. There was no 

interaction between the type o f  exogenous stimulation and patient group.

When this experiment was repeated in the presence o f rlL-2, lL-2 gene expression 

was similar in all patient groups, and with all exogenous stimuli (Table 7.7).
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Table 7.6 IL-2 gene expression PBL in vitro stimulation

Stimulus Controls Sepsis P

N=5 N=5

Medium 3.7 (0.7) 4.5 (0.4) ns

LPS 5(1) 4.4 (0.6) ns

aCD3ab 5 (0.4)* 5.7 (0.5)* 0.04*

PMA+iono 6.8(1)^ 7.2 (0.7)^ 0.0001

Table 7.6: IL-2 gene expression in PBLs (peripheral blood leukocytes) after in vitro 
stimulation with medium, LPS, aCD3ab, and PMA+iono.
MANOVA Patient group, p=ns. Stimulus p=0.0003, interaction between patient 
group and stimulus p=ns.
Post hoc contrast;*aCD3ab > Medium, p=0.04, PMA+iono > Medium p=0.0001.
All values are expressed as mean with standard error in parentheses. N denotes the 
number o f patients in each group.

Table 7.7

IL-2 gene expression PBL in vitro stimulation after pre treatment with 

recombinant IL-2

Stimulus Controls Sepsis P

N=5 N=5

Medium+rIL-2 4.4 (0.9) 5.7 (0.7) ns

LPS+rIL-2 5.1 (1) 4.8 (0.6) ns

aCD3ab+rlL-2 5.1 (0.7) 5.3 (0.1) ns

PMA+iono+rIL-2 6.3 (1.2) 6.8 (0.9) ns

Table 7.7: IL-2gene expression in PBLs (peripheral blood leukocytes) pre
treated with recombinant IL-2 after in vitro stimulation with medium, LPS, aCD3ab, 
and PMA+iono.
All values are expressed as mean with standard error in parentheses. N denotes the 
number o f patients in each group.
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Bcl-2 gene expression

Bcl-2 gene expression was similar in patient groups, regardless o f exogenous 

stimulation (Table 7.8). When PBLs were pretreated with rIL-2 and stimulated again with 

medium, LPS or aCD3ab, Bcl-2 was similar in patient groups, and with exogenous 

stimulation, but there was a significant interaction o f patient groups and exogenous 

stimulation (p=0.0001). Post hoc analysis indicated that IL-2 gene expression was 

significantly lower in the sepsis group with CD3ab than in the control group with aCD3ab 

(p<0.0001) Table 7.9).
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Table 7.8 Bcl-2 gene expression in PBLsfollowing in vitro stimulation

Stimulus Controls Sepsis P

N=5 N=5

Medium 5.7 (0.5) 7.3 (0.4) ns

LPS 7.7 (1.1) 6.8 (0.7) ns

aCD 3ab 5.6 (0.7) 5.1 (1.4) ns

PMA+iono 6.1 (0.9) 5.4 (0.3) ns

Table 7.8: Bcl-2 gene expression in PBLs (peripheral blood leukocytes) after in vitro 
stimulation with medium, LPS, aCDSab, and PMA+iono.
MANOVA Patient group, p==ns, Stimulus p=ns, interaction between patient group and 
stimulus p=ns.
All values are expressed as mean with standard error± in parentheses. N denotes the 
number o f patients in each group.

Table 7.9

Bcl-2 gene expression in PBLs following in vitro stimulation after pre treatment 

with recombinant IL-2

Stimulus Controls Sepsis P

N=5 N=5

Medium 5.3 (0.5) 5.1 (1.3) ns

LPS 3.4 (1.3) 5.5 (0.4) ns

aCD3ab 7(1 .5) * 1.6 (0.4)* 0.0001*

PMA+iono 5.1 (0.4) 6.4 (0.4) ns

Table 7.9: Bcl-2 gene expression in PBLs (peripheral blood leukocytes) after pre 
treatment with recombinant lL-2 (rIL-2) and in vitro stimulation with medium, LPS, 
aCD3ab, and PMA+iono.
MANOVA Patient group, p=ns, Stimulus p=ns, interaction between patient group and 
stimulus p=0.0001. Post hoc contrast: sepsis v control p=0.0001.
All values are expressed as mean with standard error± in parentheses. N denotes the 
number o f patients in each group.
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Discussion

In these experiments, patients with sepsis had proportionately greater CD3+CD4+ 

cells than healthy controls, which suggests that the lesser IFN gene expression observed in 

patients with sepsis was not solely related to a general reduction in T cell numbers. It is 

notable that CD3+CD127+ cells were proportionately greater in patients with sepsis. These 

CD3+CD127^cells are naive and memory T cells as activated T cells cease expressing 

surface CD 127 upon activation to effector T cells. This suggests that a marked reduction in 

effector T cells might account for the decrease in IFN gene expression observed in patients 

with sepsis.

IFN-., is produced by Thl CD4 cells and APCs, augments phagocytic bactericidal 

activity in patients with infection [Boehm et al 1997, Deng et al 2004]. Thus IFN-.is a useful 

metric o f host immune response to infection and was considered as such in the cell culture 

experiments. In this study down regulation o f IFN-. gene expression was evident in cultured 

PBLs o f septic patients. Furthermore, the reported attenuation o f IFN-. gene expression in 

cultured PBLs o f patients with sepsis was corrected by direct T cell stimulation, but was 

refractory to stimulation with monocyte specific ligands. Thus it seems plausible that the 

observed down regulation o f IFN-, gene expression in sepsis is indicative o f defective 

antigen presentation by APCs such as monocytes, rather than an intrinsic T cell defect.

Taken together this data suggests that the decrease in IFN-.gene expression in PBLs 

o f septic patients is linked both with a proportionate decrease in effector T cell numbers and 

a defect in T cell activation.

These cell culture experiments indicated that treatment with exogenous IL-2 down 

regulated gene expression o f the anti-apoptotic marker Bcl-2 in activated T cells o f septic 

patients. This effect o f  exogenous IL-2 may represent activation induced leukocyte apoptosis.
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w hich is a w ell-described effect o f  IL-2 [Kinter et al 2008], Furtherm ore, IL-2 attenuated 

inducible IFN-. gene expression, an effect which could plausibly be related to the pro- 

apoptotic effects o f  rIL-2 in activated T cells. In these cell cultures, rIL-2 also abolished the 

decrease in LPS induced IFN-. gene expression in PBLs from  patients w ith sepsis. Thus the 

effect o f  rIL-2 on IFN-. gene expression depends upon the test environm ent, w ith opposite 

effect observed when PBLs are stim ulated w ith LPS and CD3ab.

It is notable that our attem pt to circum vent this defect in APC dysfunction using rIL-2 

in cell cultures, corrected the deficient LPS inducible IFN -, gene w hile sim ultaneously 

augm enting pro-apoptotic signals and inhibiting both C D 3ab inducible IFN -. and IL-7 

production. This latter effect would preclude consideration o f  IL-2 as a sepsis im m une 

adjuvant, as under certain circum stances IL-2 has pro-apoptotic actions and im pairs IFN-. 

gene expression, which would not be a desirable effect in patients w ith infection and or 

sepsis.
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Chapter 8- General Discussion
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Advantages of the study design

These studies investigate the cytokine gene expression in patients with infection o f 

varying severity. Our data suggests that specific patterns o f  cytokine gene expression in 

PBLs are linked with clearance o f infection without subsequent end organ dysfunction or 

alternatively results in severe sepsis. In addition, the data suggests that these cytokine 

response patterns are observed in the very earliest stages o f  infection and may not be 

epiphenomena, but more likely are causal.

In prior studies o f  sepsis investigators have compared sepsis with a healthy control 

groups [Fontaine et al 2 0 \ \ ,  Giamerellos-Bourboulis et al 2 0 \ \ ,  Danikas et al 2008] or have 

relied on serial measurements o f cytokines in septic patients [Wu et al 2009, Shapiro et al 

2010, Headley et al 1997, Goldie et al 1997]. These conventional models are not without 

limitations. In the absence o f patients with infection who are not septic it is not possible to 

determine whether changes in gene expression are exclusively sepsis related or present in all 

patients with infection, regardless o f the severity o f illness. Furthermore severe sepsis and the 

cytokine response in severe sepsis is an extreme end o f the spectrum in the immune response 

to infection. The aberrant cytokine response evident in patients with severe sepsis may differ 

from the cytokine response present before the onset o f clinical infection in patients 

susceptible to infection. The studies detailed in the preceding chapters, are the ideal model to 

investigate the immune response to infection in humans, as they investigate the cytokine 

response over a range o f clinical response to infection, from onset, to established infection 

without sepsis, to fulminant sepsis.



200

TH17 Regulation

The immune response to infection can be characterised by IL-23, IL-27, TNF. and 

IFN-. gene expression in PBLs. This is evident as a characteristic phenotype, with deficient 

TNF., IFN-., and IL-23 gene expression and with an excess o f IL-27 gene expression. As the 

cellular effects o f  IL-23 and IL-27 may be mediated by the Th-17 pathway, we investigated 

expression o f  cytokines that typify the Th-17 phenotype. We demonstrated TG ¥/i-I gene 

expression was down-regulated in patients with infection and sepsis, however the other 

regulators o f  Th-17 expression, IL-6 and IL l-.d id  not demonstrate a marked discrepancy 

between controls and infection. Interestingly IL-17 gene expression was not consistently 

detected in this study. While it was possible to detect IL-17 protein in peripheral blood, we 

could not detect gene expression o f IL-17 in PBLs. However as we have discussed in chapter 

4, it is plausible that IL-17 production is compartmentalised, produced by mucosal 

lymphocytes rather than PEL [Hovhannisyan et al 2011]. This would explain why we were 

unable to measure IL-17 gene expression in PBLs in our model. However it strongly suggests 

that it is improbable that the previously reported relationship between IL-23 and IL-27 and 

outcome in patients with sepsis is mediated by an IL-17 pathway [O'Dwyer et al 2008].

IL-6

We have demonstrated increased IL-6 protein in the ICU group in comparison to 

healthy controls and bacteraemic patients, with a positive correlation between IL-6 protein 

levels and severity o f organ dysfunction scores. Elevated lL-6 protein levels have previously 

been used as a marker o f disease severity in sepsis and adverse outcome in community 

acquired pneumonia [Goldie et al 1995, Kellum et al 2007, Gaini et al 2006]. While lL-6 

appears to mediate much o f the end organ damage in sepsis, the increased mortality observed 

in animal IL-6 gene deletion models suggest that IL-6 also plays critical immune functions. 

In this circumstance [van der Poll et a/1997]. When we analysed lL-6 gene expression in
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PBLs, we found that IL-6 mRNA was down regulated in bacteraemic patients compared to 

sepsis and control samples. As with IL-17, this may reflect compartmentalised cytokine 

production, with the measured serum levels reflecting global cytokine production. IL-6 is 

known to be produced by a wide range o f  cells, including endothelial cells and hepatocytes as 

well as PBLs. This concept o f compartmentalisation o f  cytokines in sepsis has been 

previously well described [Milo et al 2004].

Alternatively, down regulation o f IL-6 gene expression in PBL o f bacteraemic 

patients may be an appropriate adaptive response, as IL-6 may inhibit CD4 Thl polarisation 

[Dienz el al 2009]. As yet the role o f IL-6 in T hl/T h2/T hl7  development in vivo remains 

unclear. There are two conflicting yet plausible scenarios. In one, IL-6 is a Th2 polarising 

cytokine, contributing to inflammation but inhibiting bactericidal properties o f the host and 

thereby contributing to critical illness [Diehl et al 2002]. In this scenario down regulation o f 

IL-6 gene expression in PBLs o f patients with bacteraemic non-septic illness would represent 

an adaptive response. In the other, IL-6 is seen as a Thl 7 polarising cytokine, contributing to 

immunity and pathogen elimination [Haasper et al 2010], with elevated levels o f  IL-6 being 

reactive to a septic insult and not a cause o f excess mortality. However in the data from the 

study o f per operative pneumonia after Thoracic surgery, immune regulatory cytokine gene 

expression was linked with subsequent respiratory infection at a time when serum IL-6 levels 

were elevated but not linked to subsequent infection. Collectively, this data suggests that 

serum IL-6 in humans with infection is a reactive inflammatory response to infection.

These studies elaborate upon our existing knowledge o f the immune response to 

seps s. While the severity o f organ failure in septic patients can be directly related to humeral 

factcrs such as IL-6 and complement [Rochman et al 2009, Gardinali et al 1992], the 

concomitant immune suppression can be linked to dysregulation o f the immune response by 

PBL Thus in patients with sepsis, and who fail to recover from sepsis, PBL produce less o f
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the effector cytokines that enhance phagocytic bactericidal activity, such as IFN-y and TNFa 

[O’Dwyer et al 2006□. Furthermore PBL o f septic patients exhibit anomalous production o f 

cytokines o f the innate immune system that regulate T cell activation [O’Dwyer et al 2008]. 

Hence in septic patients there appears to be a complex multi-factorial immune paresis. The 

complexity o f  this immune paresis suggests that immune adjuvant sepsis therapies may need 

to be multimodal and provided on an individualised basis.

While there is clearly a link between effector cytokine gene expression in PBLs and 

human response to infection and patient response to surgery, these cytokine gene expression 

patterns do not account for the profound lymphocyte apoptosis reported in animal models of 

sepsis and in humans [Inoue et al 2010, Nielsen et al 2011, Schmidt et al 2011], It is 

plausible that cytokines involved in regulating T cell homeostasis are involved in the immune 

deficiency linked with sepsis.

yChain Cytokines and Associated Apoptosis Mediators

The onset o f infection and subsequent occurrence o f sepsis is linked with deficient 

IL-2 and IL-7 gene expression. These cytokines are produced by T cells after TCR 

stimulation in response to signals from APCs such as monocytes [Sojka et al 2004]. IL-2 

primarily acts in an autocrine fashion in the early stages o f T cell differentiation, is essential 

for both the generation and maintenance o f effector and memory cells but also has been 

shown to induce apoptosis in activated T cells [Setoguchi et al 2005, Kinter et al 2008].
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Cell culture experiments indicated that treatment with exogenous IL-2 down 

regulated gene expression o f the anti-apoptotic marker Bcl-2 in activated T cells o f septic 

patients. This effect o f exogenous IL-2 may represent activation induced leukocyte apoptosis, 

which is a well described, effect o f IL-2 [Kinter et al 2005]. Furthermore, IL-2 attenuated 

inducible IFN-, gene expression, which effect is plausibly related to the pro-apoptotic effects 

o f  IL-2 in activated T cells. This data would preclude consideration o f IL-2 as a sepsis 

immune adjuvant, and contributes to the increasing recognition that apoptotic processes have 

a salient role in sepsis pathophysiology [Muenzer et al 2010, Wesche et al 2005].

IL-7 is a recognised lymphocyte survival factor [Unsinger et al 2010]. The 

bioavailability o f IL-7 is determined both by its production and utilisation by €04"^ T cells 

[Frye/ al 2005]. Thus lymphopenia in humans should be associated with reciprocal increases 

in IL-7 levels [Napolitano et al 2001]. In this study lymphopenic patients with severe sepsis 

had decreased lL-7 gene expression, compared to controls and patients with infection. Direct 

T cell stimulation increased lL-7 gene expression o f PBLs from septic patients rather than 

control subjects, suggesting that lL-7 production by peripheral lymphocytes requires prior 

lymphocyte activation. Excess IL-2 abolished this difference in IL-7  gene expression, which 

may also represent a side effect o f activation apoptosis.

IL-7 negatively regulates cell surface expression o f its cognate receptor CD-127 

[Vranjikovic et al 2007]. This receptor, C D -127, is expressed on naive and memory T cells, 

but not on effector T cells. In this study, patients with sepsis exhibited a marked reduction in 

CD127've T cells, which includes the subpopulation o f effector T cells, and suggests that the 

characteristic lymphopenia o f sepsis primarily involves effector T cells. IL-7 regulates T cell 

homeostasis in part by increasing the expression o f Bcl-2, and by inhibiting the expression o f 

the pro-apoptotic factors Bax and Bim [Mazzucchelli et al 2007, Pelligrini et al 2004]. While 

we observed differential gene expression o f Bcl-2 and Bim in patients with sepsis, these
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effects were not obvious immediately after surgery in the initial stages o f infection, at a time 

when changes in IL-2 and IL-7 were evident in patients who subsequently developed 

infection. This temporal pattern suggests that apoptosis is not a primary event in the 

pathogenesis o f infection, but is a reactive event or a late manifestation in established 

infection and severe sepsis.

IL-15 is a pluripotent anti-apoptotic cytokine that mediates cells in both the innate 

and adaptive immune system [Budagian et al 2006]. More recently it has been regarded as a 

possible immunomodulatory anti-cancer treatment [Waldmann 2006]. In animal models IL- 

15 has been shown to block sepsis-induced apoptosis o f NK cells, dendritic cells, and CDS T 

cells, by increasing Bcl-2, while also decreasing pro-apoptotic Bim protein expression, 

thereby improving survival in animal models o f sepsis [Inoue et al 2010]. Interestingly, we 

did not see similar results in humans. lL-15 gene expression was similar between all patient 

groups. As IL-15 acts with IL-7 acts as a regulator o f CDS^T cells, whose primary role is as a 

regulator o f the immune response to viral infection [Verbist et al 2011]. In addition, IL-15 

transcription, translation and secretion are regulated through multiple complex mechanisms 

[Perera et al 2012, Waldmann et al 2006]. The principle level o f IL-15 regulation appears to 

be post transcriptional in which case qRT-PCR may not be the technique o f choice to assess 

its functionality in humans [Ohteki et al 1998].

IFN-. produced by Thl CD4 cells and antigen presenting cells (APCs) augments 

phagocytic bactericidal activity in patients with infection [Boehme et al 1997, Deng et al 

2004], and is a useful metric o f host immune response to infection. In this study, down 

regulation o f IFN-. gene expression was evident in cultured PBLs o f septic patients. 

Furthermore, the reported attenuation o f IFN-. gene expression in cultured PBLs o f patients 

with sepsis was corrected by direct T cell stimulation, but was refractory to stimulation with 

APC specific ligands. Thus it seems plausible that the observed down regulation o f IFN-.
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gene expression in sepsis is indicative o f defective antigen presentation by APCs to a greater 

extent than an intrinsic T cell defect. It is notable that our attempt to circumvent this defect in 

AFC dysfunction using rIL-2 in cell cultures succeeded. rIL-2 attenuated the decrease in 

IFN-y and IL-7 gene expression observed when PBLs were cultured with LPS.

We noted that apoptosis genes were dysregulated in patients with infection, but to a 

lesser extent than in septic patients. Furthermore prior to the onset o f  infection we observed 

changes in IL-2 and TL-7 gene expression without any change in expression o f the Bcl-2 

related genes. The effects o f IL-2 and IL-7 affecting cell survival are mediated by regulating 

Bcl-2 and related genes it is plausible that the reported changes in Bcl-2 related genes in 

septic patients reflect underlying changes in the gene expression o f the gamma chain family 

o f  cytokines, specifically IL-2 and IL-7.

This data indicates that there was a very strong link between deficient IL-2 and IL-7 

gene expression and the occurrence o f infection in the first instance and the onset o f sepsis in 

patients with infection.

Relevance of the presented data

Infection and sepsis remains a common illness in western society with approximately 

750,000 episodes annually in the US and a similar number in Europe [Angus et al 2001, 

Brun-Buisson et al 2000]. Despite decades o f research it is still unclear why patients develop 

sepsis, as a consequence there are no laboratory tests that accurately predict the onset o f 

infection or sepsis. A test that could predict or exclude the onset o f sepsis in a patient with 

infection would have considerable potential to influence delivery o f patient care.

In these studies, the occurrence o f sepsis and infection was associated with distinct 

patterns o f  cytokine gene expression. This pattern is consistent with profound immune 

suppression in the face o f overwhelming infection and provides a unique insight into the
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molecular events occurring in humans with sepsis which could provide a rationale for novel 

therapies in patients w'ith sepsis.

Study Limitations

The optimal representation o f gene function in vivo is considered to be protein 

quantification. Instead we utilised mRNA expression as a substitute for estimating functional 

differences that occur at a protein level. The use o f mRNA as a proxy for protein levels is 

may be criticized, as post-transcriptional regulatory effects are not accurately identified when 

assaying mRNA.

While we analysed protein expression o f targeted cytokines that were o f interest 

based on their cytokine gene expression on qRT-PCR we did not identify any correlation 

between mRNA expression and protein expression. The lack o f correlation observed between 

mRNA and protein may be explained by the technical imprecision o f the methods employed 

to determine protein expression levels [Hack et al 2004]. This is particularly problematic 

when dealing with genes expressed at relatively low levels such that commercially available 

kits have difficulty detecting protein product. It was notable that we found that the ELISA 

technique we employed was not sufficiently sensitive to detect protein in the in vivo situation 

in the majority o f septic patients assessed.

Recently however, investigators have reproducibly found positive correlations 

between mRNA and proteins expressed at low levels using isotope coded affinity tags to 

quantify protein expression [Fu et al 2007]. These findings imply that perhaps mRNA levels 

may act as an accurate surrogate o f protein expression in the setting o f human sepsis. 

Alternatively gene expression in PBLs assayed by qRT-PCR may provide an insight to a
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particular population o f immune regulatory cells, while serum protein levels reflect cytokine 

emanating from a diverse range o f cells and thus giving rise to the discrepancy between the 

different assays.

We have made a number o f assumptions about the IL-17 pathway. The optimal 

method to confirm these assumptions is to assay the CD4^ T h l7  cells or alternatively the 

production o f IL-17 mRNA in mucosal epithelial cells which would be difficult to access in 

relevant populations o f  patients. This will have to be performed in a different patient cohort 

in future investigations.

Finally there is no gold standard definition for HAP and the diagnosis remains 

controversial. Clinical diagnosis o f  pneumonia is sensitive but not specific. Invasive 

diagnostic strategies for HAP generally use bronchoscopy to obtain quantitative cultures. 

While more specific, bronchoscopic diagnosis is invasive and is not routine practice for 

postoperative thoracotomy patients.

Concluding Remarks

Our data indicates there is a link between PBL cytokine gene expression and both the 

occurrence o f infection in the first instance and the onset o f sepsis in patients with infection. 

We can explain how these gene expression patterns in T cell homeostatic cytokines affects 

the host immune response to infection. Future research will help to identify functional SNPs 

ar.d haplotypes in these regulatory genes or their receptors that will then be assessed in the in 

vho  situation o f human sepsis. However, much larger patient numbers will be required to 

elucidate the genetic factors contributing to ICU illness than was possible in this study. In 

temis o f functional analysis, using the technique o f qRT-PCR, as described in this study, will 

allow sensitive and accurate analysis o f gene expression in contrast to the ambiguous results 

previously seen when using ELISA based techniques.
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The approach taken in this study, to assay a number o f interacting and functionally 

linked immune regulatory genes in two clinical studies permits some clarification o f the 

complex immune response that underlies the clinical course o f infection in humans. There is 

consistency in the aberrrant gene expression o f IL-2, IL-7, IFN-., TNF. and the IL-12 family 

o f cytokines IL-23 and IL-27 across these study populations.

Clinical Implications of Work

This data set is potentially o f use in developing biomarkers pertaining to the onset o f 

infection and the onset o f sepsis from infection. This research introduces the possibility o f 

using techniques such as qRT-PCR to identify patients with a dysregulated immune response 

to infection and anticipates the treatment o f these patients in a timely and targeted fashion.
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Appendix 1: Nomogram for calculating sample size or power

Figure 1
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Appendix 2: Oligonucleotides for standard preparation

mRNA Oligonucleotides (5’-3’)* Product Conditions
targets size for “classic”

bp PCRf

P-Actin F745: CCCTGGAGAAGAGCTACGA 509 A-58,Mg=1.5

R1253: TAAAGCCATGCCAATCTCAT 

ILl-P F59 : CTTCATTGCTCAAGTGTCTGAA 

R553 : ACTTGTTGCTCCATATCCTGTC
495 A=58,Mg=1.5

IL-6 F217:
GAATTGACAAACAAATTCGGTACA 270 A=60, Mg=3.0

R486 : CTCTGGCTTGTTCCTCACTACTC 

IL-10 F296: TTTACCTGGAGAGGTGATG

R771 :TTGGGCTTCTTTCTAAATCGT

IL-12p35 F I85: AGCCTCCTCCTTGTGGCTA

R412: TGTGCTGGTTTTATCTTTTGTG

476 A=56,Mg=1.5

228 A=59,Mg=L5

IL-17A F146:
CAAATTCTGAGGACAAGAACTTCC 235 A=60,Mg=1.5

R380: GAGTTCATGTGGTAGTCCACGTT 

IL-17F FI:
GAACACAGGCATACACAGGAAGATA 235 A=61,Mg=1.5

R250:
CCAATGTCAAGCTTCATACTACCTC

IL-21 F57: GTCCTGGCAACATGGAGAGGAT

R534:
TCAGGAATCTTCACTTCCGTGTGTT 

IL-23 F14; AGAAATCTGTGAGCTCTTTCCTT

R401: ATATGACATGTGCTTAGCCTGTT 

TGFP-1 F925 : GGGACTATCCACCTGCAAGA

478 A=65,Mg=1.5

388 A=56,Mg=1.5

333 A=60,Mg=1.5
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R1263 : CGGAGCTCTGATGTGTTGAA 

IFN-y FI54: TTGGGTTCTCTTGGCTGTTA
479 A=58,Mg=1.5

R632: AAATATTGCAGGCAGGACAA 

TNFa F83: ACCATGAGCACTGAAAGCAT 406 A=58,Mg=1.5

R488: AGATGAGGTACAGGCCCTCT

Legend Appendix 2:
*F and R indicate forward and reverse primers respectively; numbers indicate the sequence 
position.
tConditions, for all targets, were as follows; denaturation at 95°C for 20 s, annealing 
temperature as stated (A) for 20s and elongation at 72°C for 45 s, for a total of 35 cycles. 
Magnesium chloride concentration (Mg, mmol/L) was as stated.
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Appendix 3: Plasmid ID, Vector, Antibiotics and Restriction Enzymes for
preparation of IL-2, IL-7, IL-15, Bim, Bax, Bcl-2, FADD, Caspase 3, Caspase 8 
and Caspase 9

Target
Gene

Plasmid ID 
(Open 

Biosystems)

Vector Antibiotic Double
Restriction

Enzyme
IL-2 M HSlOll-

98053730
pDNR-LIB Chloramphenicol 

25 |ig/mL
Ecor 1 

Hind III

IL-7 MHSIOIO-
9205095

pCMV-
SP0RT6

Ampicillin 100 
|ig/mL

Ecor 1 
Xba 1

IL-15 MHSIOIO-
7429534

pCMV-
SP0RT6

Ampicillin 100 
|ig/mL

Ecor 1 
X bal

Bim MHSIOIO-
97228046

pCMV-
SP0RT6

Ampicillin 100 
(ig/mL

Nco 1 
C lal

Bax MHSlOll-
76084

pOTB7 Chloramphenicol 
25 |ug/mL

Stul 
Xho 1

BcI-2 MHSIOIO-
7429699

pCMV-
SP0RT6

Ampicillin 100 
|j.g/mL

Sail 
Xho 1

FADD M HSlOll-
58650

pOTB7 Chloramphenicol 
25 [ig/mL

Xhol
EcoRI

Caspase 3 MHSIOIO-
58399

pCMV-
SP0RT6

Ampicillin 100 
|j,g/mL

Notl
Sail

Caspase 8 MHSIOIO-
7507950

pOTB7 Ampicillin 100 
|ng/mL

Notl
EcoRV

Caspase 9 MHS4771-
99611181

■s
pOTB7 Chloramphenicol 

25 |o.g/mL
Xhol

EcoRI
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Appendix 4: Assay ID for primer and probe pre customised mix (Applied 
Biosystems)

m R N A  ta rg e t Assay ID Final concen tra tion  nm ol/L

lL-2 H s00174114_m l F900;R900;P300

IL-7 H s00174202_m l F900;R900;P300

IL-10 H s00174086_m l F900;R900;P300

lL-15 H s0l003716 m l F900;R900;P300

IL-27 H s00377366_m l F900;R900;P300

TN Fa H s00174128^m l F900;R900;P300

Bim Hs01083836_m l F900;R900;P300

Bax Hs00180269_m l F900;R900;P300

Bcl-2 Hs00153350_ml F900;R900;P300

FADD H s04187499j n  1 F900;R900;P300

Caspase 3 Hs00234387_ml F900;R900;P300

Caspase 8 UsOlOISISI  ml F900;R900;P300

Caspase 9 H s0015426i_m l F900;R900;P300

Appendix 4:
*F, R, and P indicates forward and reverse primers and probes, respectively; numbers indicate tiie sequence 
position.
tP ina l concentration o f  forward and reverse primers and probe.



Appendix 5. O ligonucleotides for real-time PCR

m R N A  targets O ligonucleotides (5 ’-3 ’)* P roduct size  
bp

Final concentration  
nmol/L^

(3-Actin F976: GGATGCAGAAGGAGATCACTG

R1065: CGATCCACACGGAGTACTTG

P997: 6Fam-TCCAACGCAAAGCAATCACTGAAC-Tamra-p

90 F300;R300;P200

IL-ip F I96; ACAGATGAAGTGCTCCTTCCA 

R248; GTCGGAGATTCGTAGCTGGAT 

P207; 6Fam-CTCTGCCCTCTGGATGGCGG-Tamra-p

73 F600;R900;P200

IL-6 F288 : AACATGTGTGAAAGCAGCAAAG

R397 ; AGGCAAGTCTCCTCATTGAATC

P326 : 6Fam-CAACCTGAACCTTCCAAAGATGGCTG-Tamra-p

110 F300;R300;P200

1L-I2p35 F212; CTCCTGGACCACCTCAGTTTG 

R287; GGTGAAGGCATGGGAACATT 

P234-6Fam-CCAGAAACCTCCCCGTGGCCA-Tamra-p

76 F600;R900;P200

IL-I7A F I99: CATAACCGGAATACCAATACCAAT

R302: GGATATCTCTCAGGGTCCTCATT

P246: 6Fam-CAACCGATCCACCTCACCTTGGAAT-Tamra-p

104 F300;R300;P200

IL-I7F F9; GCATACACAGGAAGATACATTCACA 124 F300;F300;P200

59



R132: CCAATATCGACAGCAGCAAGTA

P36: 6Fam-AAGAGCTTCCTGCACAAAGTAAGCCACC-Tamra-p

IL-2I F408; CATGCCCTTCATGTGATTCTTA 

R532: AGGAATCTTCACTTCCGTGTGT

P477: 6Fam-TCCAAAGATGATTCATCAGCATCTGTC'C-Tamra-p

125 F300;R300;P200

IL-23 F533: TACTGGGCCTCAGCCAACT

R649: GAAGGATTTTGAAGCGGAGAA

P597: 6Fam-CCTCAGTCCCAGCCAGCCATG-Tamra-p

91 F900;R900;P200

TGPP-1 FI 145 : GACTACTACGCCAAGGAGGTCA 

RI232 : TGCTGTGTGTACTCTGCTTGAAC 

PI I 69  : 6Fam-CGCGTGCTAATGGTGGAAACCC-Tamra-p

88 F300;R600;P200

IFN-y F464: CTAATTATTCGGTAACTGACTTGA

R538: ACAGTTCAGCCATCACTTGGA

P49l:6Fam-TCCAACGCAAAGCAATACATGAAC-Tamra-p

75 F600;R900;P200

Legend Appendix 5:

*F, R, and P indicates forward and reverse primers and probes, respectively; numbers indicate the sequence position. tP inal concentration o f  forward and reverse 
primers and probe.

bp indicates base pair

60



Appendix 6: 96 well plate layout
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Transforming growth factor p -1  and interleukin-17 gene transcription 
in peripheral blood mononuclear cells and the human response to infection
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A R T I C L E  I N F O  A B S T R A C T

Introduction: The occurrence  o f severe sepsis m ay be assoc iated  w ith  defic ien t p ro -in flam m ato ry  cytokine 
production . T ransform ing g row th  factor p-1 (TGFp-1) p red o m in an tly  in h ib its  in flam m ation  and  m ay 
sim u ltaneously  p rom ote  IL-17 production , ln te rleu k in -1 7  (lL-17) is a recen tly  described  p ro -in flam m a- 
tory  cytokine, w hich m ay  be im p o rtan t in a u to -im m u n ity  and  infection . W e investigated  th e  hypo thesis  
th a t th e  o n se t o f sepsis is re la ted  to d ifferential TGFp-1 and  lL-17 g ene  expression . Methods: A p rospective  
observational s tudy  in a m ixed in tensive care  u n it (ICU) an d  hosp ita l w ard s  in a un iv e rs ity  hospita l. 
Patien ts (59) w ith  severe  sepsis; 15 pa tien ts  w ith  g ram -n eg a tiv e  b acteraem ia  b u t w ith o u t critical illness 
and 10 healthy  con tro ls  w ere  assayed forTC Fp-1,1L-I7a, 1L-I7f, lL-6 and  IL -ip  mRNA in p eriphera l blood 
m ononuclear cells (PBMC) by quan tita tive  rea l-tim e PCR and  seru m  p ro te in  levels by ELISA. Results: 
TGFp-1 mRNA levels a re  reduced  in p a tien ts  w ith  b ac teraem ia  and  sepsis com pared  w ith  con tro ls  
Cp = 0.02). lL-6 mRNA levels w ere  reduced in bacteraem ic  p a tien ts  com pared  w ith  sep tic  pa tien ts  and 
con tro ls (p = 0.008). IL -lp  mRNA levels w ere  sim ilar in all g roups. IL-17a an d  IL-17f mRNA levels are 
not d e tectab le  in p eriphera l blood m ononuclear cells. lL-6 p ro te in  levels w ere  g re a te r  in p a tien ts  w ith  
sepsis th an  bacteraem ic  and  contro l pa tien ts  (p < 0.0001). A ctivated TGFp-1 and  lL-17 p ro te in  levels w ere  
sim ilar in all groups. IL -lp  p ro te in  w as not de tec tab le  in th e  m ajo rity  o f p a tien ts . Conclusions: D ow n reg 
ulation  o f TGFp-1 gene tran scrip tio n  w as re la ted  to th e  occu rren ce  o f in fection  b u t no t th e  o n se t o f sepsis. 
ln te rleuk in -17  p roduction  in PBMC m ay no t be sign ifican t in th e  h u m an  h o st resp o n se  to  infection.

© 2010  Elsevier Ltd. All righ ts  reserved.
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1. Introduction

In h u m a n s  w ith  se v ere  sepsis a p ro found  an d  co m p lex  im m u n e  
p a re s is  e x is ts  in th e  p resen c e  o f  sys tem ic  in flam m ation . The c y to 
k ine  bas is  o f  th is  im m u n e  paresis  is m u ltifac to ria l, a sso c ia ted  w ith  
a t te n u a te d  T N Fa g en e  expression , red u ced  in te rle u k in -1 2  an d  
in te rfe ro n  g a m m a  g en e  expression , an d  excess in te rle u k in -1 0  g en e

A bbrevia tions:  T C pp-1 . tra n s fo rm in g  g ro w th  fac to r p-1; IL in te r le u k in ; ICU, 
in te n s iv e  c a re  u n it:  mRNA, m esse n g e r  r ib o n u c le ic  acid : PBMC. p e rip h e ra l b lood  
m o n o n u c le a r  ce lls : qRT-PCR, q u a n ti ta t iv e  re a l- tim e  p o ly m e rase  c h a in  reac tio n : 
ELISA, e n z y m e  lin k ed  im m u n o so rb e n t  assay : TNFot, tu m o r  n e c ro sis  fac to r %  IFNy, 
in te r fe ro n -y :  SAPS, s im p lif ied  ac u te  p hysio logy  sco re ; SOFA, se q u e n tia l o rg an  
fa ilu re  a s se s s m e n t;  EDTA, e th y ie n e d ia m in e te tra a c e tic  acid ; RNA, r ib o n u c le ic  acid ; 
DNA, d e o x y rib o n u c le ic  acid ; cDNA, c o m p le m e n ta ry  d e o x y rib o n u c le ic  acid : ABl. 
a p p lie d  b io sy s te m s ; Ct. th re s h o ld  cycle: pg/mL, p ico g ram  p e r  m illilitre : n. n u m b er: 
C5. c o m p le m e n t 5.

• C o rre sp o n d in g  a u th o r . A ddress: D e p a r tm e n t o f  A n aesth esia , St. Jam es  H osp ita l. 
D ub lin  8. Ire lan d . Tel.: + 353 1 4 1 6 2 5 1 6 ; fax: +353 87  4 1 7 5 5 9 7 .

E-mail address:  d rm b w h ite@ y ah o o .co .u k  {M. W hite ).

1 0 4 3 -4 6 6 6 /$  - se e  f ro n t m a tte r  (D 2 0 1 0  E lsevier Ltd. All r ig h ts  rese rv ed , 
doi: 10 .1 0 1 6 /j.c y to .2 0 1 0 .01 .003

ex p ress io n  [1]. In trig u in g ly  an  in c rease d  risk  for m o rta lity  in p a 
tien ts  w ith  in fec tion  h as b e e n  re la te d  to  excessiv e  IL-10 p ro d u c tio n  
in re la tio n  to  TNFcx p ro d u c tio n  [2]. W h ils t It is ack n o w led g e d  th a t  
th is resp o n se  p a tte rn  m ay  be  in h e r ite d  [3], th e  p rec ise  g en e tic  b a 
sis u n d erly in g  It has y e t  to  be  iden tified .

A recen t re p o rt fro m  o u r  g ro u p  has id en tified  lL-23 an d  lL-27 
gen e  tra n sc r ip tio n  in p e r ip h e ra l b lood  m o n o n u c le a r  ce lls as im p o r
ta n t  reg u la to rs  o f th e  h u m a n  h o s t re sp o n se  to  in fec tio n  [4J. T hese  
cy tok ines a re  b o th  m e m b e rs  o f th e  IL-12 fam ily  o f  cy to k in es  an d  
m ay be  o f g re a te r  im p o rta n c e  th a n  IL-12 in in flu en c in g  an  a p p ro 
p ria te  b acteric idal re sp o n se  to  in fec tion . F u rth e rm o re  d e fic ien t 
IL-23 and  excessive  IL-27 w e re  a sso c ia ted  w ith  th e  o ccu rren ce  
and  o u tco m e o f  sepsis. W h e re a s  b o th  IL-23 an d  lL-27 hav e  recen tly  
b een  describ ed  as a n ta g o n is tic  re g u la to rs  o f  CD4+ T cells th a t  have  
a T h l7  p h en o ty p e , it re m a in s  u n c le a r  as to  w h e th e r  th e  link  b e 
tw een  IL-23 a n d  IL-27 w ith  o u tc o m e s  In sepsis, Is m e d ia te d  by th is  
IL-17 cy tok ine  p a th w a y  o r  a lte rn a tiv e ly  by re g u la tio n  o f in te rfe ro n  
g am m a an d  TNFot g en e  ex p ress io n  |5 ].
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IL-17a and IL-17f are pro-inflam m atory cytokines produced by 
m acrophages and a specific subgroup of CD4 cells. Recently m uch 
em phasis has been  placed on their im portance in the  pathogenesis 
of im m u n e  m ediated encephalitis in anim als, and these cytokines 
ap p ear to have a protective effect in anim al m odels of bacterial 
infection [6,7|. In naive CD4 cells it was reported th a t d ifferentia
tio n  in to  a T h l7  lineage is driven by TGFp-1. This was show n to 
be crucially dependen t on IL-6 and IL-23, w ith IL-27 inhibiting 
th e  effects of lL-23. Animal m odels of encephalitis also suggest that 
In te rleu k in -lp  m ay also be an im portant factor in prom oting lL-17 
p roduction  [SJ.

However, cytokines involved in regulating IL-17 production are 
p leio trophic  and although they may be im portan t in the  im m une 
response to infection, it is unclear w hether they exert their dom i
n an t effect by m eans of the IL-17 cytokine family. In th is regard, 
TGFp-1 is a p o ten t regulatory cytokine w ith  diverse hem opoietic 
functions. W hile the key function of TCF(3-1 in the im m une system  
is to  m ain tain  tolerance through regulation of differentiation, pro
liferation and survival of lymphocytes, TGPp-l also m oderates 
in terferon gam m a production by natural killer cells, and in add i
tion  TGpp-l prom otes a CD4Thl response to infection [9.10]. Thus 
TGpp-1 potentially  has both anti-inflam m atory and pro-inflam m a
tory  properties.

This study  w as perform ed to determ ine w h e th er the  hum an re
sponse to infection was related toTGFp-1 and IL-17 gene transcrip 
tion. W e also assessed gene transcription and protein levels of 
recognised IL-17 regulatoiy cytokines by quantitative real-tim e 
PCR and ELISA. The data presented in this study provides new  
inform ation regarding the pathogenesis of the  hum an inflam m a
tory  response in infection and sepsis.

2. Methods

2.1. Patients

This observational study was conducted in St. Jam es’s Hospital, 
Dublin, Ireland, and was approved by the institutional eth ics com 
m ittee. Inform ed w ritten  consent was obtained from each patien t 
or a relative. A total of 59 consecutive patien ts presenting w ith se
vere sepsis or septic shock, as defined by the  American College of 
Chest Physicians/Society of Critical Care Medicine Consensus Con
ference [11 ], as a prim ary adm ission diagnosis w ere enrolled over 
12 m onths. All ICU patients received sim ilar standardised care.

Severity of Illness was characterised on adm ission to ICU using 
th e  sim plified acute physiology score (SAPS2) [12] and the  sequen
tial organ failure assessm ent (SOFA) ]13] scoring system s and 
again on day 7 w ith the SOFA score.

Individual clinical and laboratory variables w ere collected on day 
1 and day 7 of ICU stay. The recorded variables represented  the  m ost 
significant derangem ents from norm al values recorded over each 
24-h  period. The source of infection necessitating the ICU adm ission, 
ICU death  or survival to ICU discharge was recorded. Fifteen consec
u tive patien ts adm itted  to general hospital wards, w ith a docu
m ented  gram -negative bacteraem ia, confirm ed on blood culture 
w ere  identified by the microbiology departm en t and w ere assessed 
for en ro lm en t in this study. Patients w ith such an infection bu t no 
associated or pre-existing organ failure or im pending septic  crisis 
w ere enrolled. Ten healthy staff m em bers served as a control group.

2.2. Exclusion criieria

Exclusion criteria included: (1) pre-existing overt organ failure; 
(2) infection w ith the hum an im m unodeficiency virus; (3) patients 
neutropenic  as a result of chem otherapy; (4) patients receiving 
long-term  trea tm en t w ith corticosteroids; (5) traum a and burns 
patients; (6) non-Irish Caucasian ethnic background.

2.3. Blood sampling

Blood sam pling w as carried ou t w ith in  the  first 24 h of ICU adm is
sion and again 7 days later. In bacteraem ic patients, blood sam pling 
w as carried ou t w ith in  24 h of the  positive blood cu ltu re  being re
ported. Blood sam ples w ere collected from  healthy  controls a t one 
tim e point. Peripheral blood m ononuclear cells (PBMCs) w ere 
im m ediately  purified by density  g radient centrifugation  of EDTA 
anticoagulated  blood using lym phoprep (Nycom ed Pharm a, Oslo, 
Norway). Serum  w as obtained from  w hole  blood clo tted  for 30 mln.

2.4. Total RNA extraction and reverse transcription

Total RNA w as isolated from lysed PBMC using a com m ercially 
available kit (Qiagen) following the m anufacturers Instructions. In 
order to avoid am plification of con tam inating  genom ic DNA, all 
sam ples w ere  trea ted  w ith RNase-free DNase (Qiagen) for 
15 min. The quan tity  and purity  of extracted  RNA was m easured 
by spectropho tom etry  (Eppendorf BioPhotometer, Eppendorf AG, 
Ham burg, Germany).

Total RNA w as then  reverse transcribed to  cDNA as follows: 
11.15 f.il of w a ter containing 500 ng of total RNA was first incu
bated at 65 °C for 10 min. The reverse transcrip tion  mix 
(18.85 |.il) contain ing th e  following com ponents w ere added: (1)
3 [il 0.1 M DTT; (2) 4.5 [il dim ethyl sulfoxide: (3) 2 |.il 100 |,iM Ran
dom  Prim ers (Invltrogen Corp, Carlsbad, CA, USA); (4) 1.25 (.U 
Moloney M urine Leukemia Virus Reverse T ranscriptase (Invltrogen 
Corp); (5) 6 (il 5XFirst Strand Buffer (Invltrogen Corp): (6) 1.5 îl
4 mM deoxynucleotide triphosphate  mix (Prom ega Corp, Madison, 
MI, USA); (7) 0.6 (.il 10 U/|.U RNasin (Prom ega Corp), The sam ples 
w ere  then  incubated a t 37 °C for 1 h.

2.5. Primers and probes

All p rim er and probes used in this study w ere  synthesized  at 
Applied Biosystems (Foster City, CA, USA). p-ActIn, IL-6, TGFp-1, 
IL-17A, IL-17F and IL-ip prim ers and probes w ere  designed and 
custom ised (sequences listed in A ppendix 1) as per Stordeur e t al. 
[14].

2.6. Real-time PCR

The PCR reactions w ere carried out in an ABI Prism 7000 (Ap
plied Biosytems). All reactions w ere perform ed e ith e r in triplicate 
or in duplicate. Therm ocycling w as carried out in a 20 |il final vol
um e containing: (1) w a te r up to 20 |,lI; (2) 10 |.il M asterm ix (Applied 
Blosystems); (3) 1 ,2  or 3 |.il of 6 pmoI/(.d forw ard and reverse p rim 
ers (final concen tra tion  300, 600 or 900 nM, see Appendix 1); (5) 
1 ).il of 4 pmol/|.il Taqm an Probe (final concen tra tion  200 nM) or 
1 |il of pre-custom ised prim er/probe m ix w ith  default prim er and 
probe concentra tions (Appendix 1); (6) 0.8 j.il standard  d ilution or 
2.4 |,il cDNA. After an initial d enatu ration  step  a t 95 °C for 10 min, 
tem pera tu re  cycling w as initiated. Each cycle consisted of 95 °C 
for 15 s and 60 °C for 60 s, the  fluorescence being read a t th e  end 
of this second step. In total, 40 cycles w ere  perform ed.

2.7. Standard curves and expression o f the results

The DNA standards for p-Actin, TGFp-1, IL-17A, IL-17F, lL-1 p and 
IL-6 consisted of a cloned PCR product th a t included the  quantified 
am plicon prepared  by PCR from a cDNA population  containing the 
targe t mRNA. Detailed inform ation on these  standards Is given in 
Appendix 2. In o rder to  quantify  transcrip t levels a standard  curve 
was constructed, for each PCR run, for each selected mRNA target 
from serial dilu tions of th e  relevant standard  to 10’ copy num bers.
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All Standard curves shov\/ed correlation coefficients >0.99, indicat
ing a precise log linear relationship.

The mean efficiency o f the standard curves for all target cDNA 
was 98.75 ±4.4%. The mRNA copy numbers were then calculated 
for each patient sample using the standard curve to convert the ob
tained crossing threshold (Ct) value in to  mRNA copy numbers. Re
sults were then expressed in  absolute copy numbers after 
norm alisation against p-Actin mRNA (mRNA copy numbers o f 
cytokine mRNA per 10 m illio n  p-Actin mRNA copy numbers).

2.8. Cytokine serum protein measurement by enzyme linked 
immunosorbent assay (ELISA)

Serum active TGFp-1, IL-17A, IL-17F, IL - ip  and IL-6 concentra
tions were measured by ELISA (RnD systems, Minneapolis, MN, 
USA) fo llow ing  the manufacturers instructions. The low er lim it  o f 
detection for active TGFp-1 was 35 pg/m l, for IL-6 was 1 pg/ml, 
for 1L-17A was 3 pg/m l and fo r IL - ip  was 0.4 pg/ml. 1L-17F prote in 
levels were not detectable. A ll samples were tested in duplicate.

2.9. Statistical analysis

The W ilcoxon rank sum test was used to analyse the differences 
between groups for continuous variables. Categorical variables 
were analysed by Chi Square test and Fishers exact test as appro
priate. Data analysis was performed using the JMP statistical pack
age (SAS, Cary NC).

3. Results

This study included 59 patients w ith  severe sepsis. 15 patients 
w ith  gram-negative bacteraemia w ho did not develop sepsis, and 
10 healthy controls. Demographic details fo r the three groups are 
in Table 1.

3.1. mRNA Dcta; comparison between Croups

There was a sign ificant difference in TGFH-1 mRNA copy num 
bers between the three groups, w ith  TGFp-1 mRNA copy numbers 
decreased in  patients w ith  sepsis and bacteraemia compared w ith  
healthy controls. IL - ip  mRNA copy numbers were s im ilar all three 
groups. There was a significant difference in lL-6 mRNA copy num 
bers in  the three groups, w ith  less lL-6 mRNA copy numbers in the 
bacteraemia group compared w ith  the tw o  other groups (Fig. 1). IL- 
17a and IL -l'^ f mRNA were not detected in  the m ajority  o f patients 
in a ll groups. There was a significant correlation between lL-1 p and 
IL-6 mRNA copy numbers (Spearmann Rho = 0.52, n = 79, 
p < 0.0001). There was no corre lation between TGFp-1 mRNA and 
mRNA o f other cytokines.

Table 1
Patient demographics of the three study groups, sepsis (n = 59). bacteraemia (n = 15) 
and healthy con:rols (n = 10).

TGPp-1 mRNA

Sepsis Bacteraemia Control P

N 59 15 10
Age 54 (7 2 -8 0 ) 73 (7 0 -8 2 ) ns
Gender (Female) 27(48% ) 9(60% ) ns
Apache 25 (2 1 -2 8 ) 7 (6 -8 ) 0.0001
SOFA 1 0 (1 2 -1 4 ) 1 (1 -2 ) 0.0001
Septic shock 58(98% ) 0 0.0001
Mortality 18(30%) 0 0.002
Respiratory infection 25 (42%) 2(13% )
Abdominal irfection 28 (48%) 4 (27%)
Urinary 0 6 (40%)
Other infecti(n 6 (10%) 3(20% ) 0.0001
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All continuous values are median and inter-quartile range. Categories are stated as 
absolute numbers with percentages in parentlieses. Apache, Acute Physiology and 
Chronic Health Evaluation; SOFA, sequential organ failure assessment.

Patient Groups

Fig. 1. Comparison of cytolcine mRNA copy numbers in the three study groups. The 
Wilcoxon rank sum test was used to analyse the differences between groups for 
continuous variables. Cytokine mRNA have been normalised and are presented as 
copy numbers per 10 copies of the house keeping gene p-Actin. Graphs present 
medial values, inter-quartile range and 10th-90th  centile whiskers.

3.2. mRNA data: patients w ith  sepsis

TGFp-1, IL - ip  and lL-6 mRNA levels were s im ila r upon adm is
sion to intensive care and after 7 days o f critica l illness. There 
was no re lation  between outcome and TGFp-1, IL - ip  and IL-6 
mRNA copy numbers at admission to  intensive care and after 
7 days o f intensive care. S im ila rly  there was no re lation  between 
the severity o f organ fa ilu re  as measured by SOFA score, or sur
viva l and TGPp-1, IL - ip  and lL-6 mRNA copy numbers. There was 
a significant corre lation between IL - ip  and lL-6 mRNA copy 
numbers (n = 49, Spearmann's Rho = 0.67, p <  0.0001). S im ilarly 
there was no corre lation between TGFp-1 and the other 
cytokines.
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3.3. C ytokine protein  m easurem ent by ELISA: com parison betw een  
p a tie n t groups

In te rle u k in -6  an d  IL -ip  p ro te in  levels w e re  g re a te r  in p a tie n ts  
w ith  se p sis  th a n  b a c te ra e m ia  an d  co n tro l g roups. T here  w as  a 
t r e n d  to w a rd s  lo w er TGFfi-1 level in p a tie n ts  w ith  sepsis, w ith  a 
s ig n if ic a n t d iffe ren ce  b e tw e e n  p a tie n ts  w ith  sepsis an d  co n tro ls . 
In te r le u k in -1 7 w as found  to  be  s im ila r in all th re e  g ro u p s (Table 2).

3.4. C ytokine protein  m easurem ent by ELISA: in pa tien ts w ith  sepsis

In te rle u k in -6  p ro te in  levels w e re  g re a te r  in n o n -su rv iv o rs  (Ta
b le  3), an d  th e re  w a s  a s ign ifican t c o rre la tio n  b e tw e e n  IL-6 levels 
a n d  SOFA sc o re  (n = 49, S p ea rm an n 's  Rho = 0.49, p = 0 .0002). T here  
w a s  no  re la tio n  b e tw e e n  surv ival o r se v e rity  o f o rg an  fa ilu re  an d  
p ro te in  levels o f th e  o th e r  cy tok ines.

3.5. Corticosteroid therapy in severe sepsis and cytokine gene  
transcrip tion  and protein  m easurem ent

T h ir ty - th re e  o f 59 p a tie n ts  w ith  se p tic  shock  received  c o rtic o 
s te ro id s  in a cco rd an ce  w ith  c u rre n t g u id e lin es for th e  m a n a g e m e n t 
o f  se v e re  sepsis. T here  is no re la tio n  b e tw e e n  ste ro id  a d m in is tra 
tio n  an d  an y  ind ex  o f  gen e  tran sc rip tio n  o r cy tok ine  p ro te in  level.

4. Discussion

In th is  s tu d y  TGPp-1 gene  tra n sc r ip tio n  w as d o w n  reg u la ted  in 
p a tie n ts  w ith  in fec tio n  an d  sepsis. In te re s tin g ly  in te rle u k in -1 7  
mRNA w a s  n o t d e te c te d  in th e  m ajo rity  o f  p a tien ts . F u rth e rm o re , 
th e re  w as a m ark ed  d isc rep an c y  b e tw e e n  ind ices of gene  tr a n sc r ip 
tio n  in p e rip h e ra l b lood  leukocy tes (PBMC) an d  cy to k in e  p ro te in  
levels in b lood.

TGFp-1 w as d o w n  reg u la ted  bo th  in p a tie n ts  w ith  in fec tion  an d  
in p a tie n ts  w ith  sepsis. TCFp-1 is a p le io tro p h ic  cytok ine, w h ich  
w ith  th e  ex cep tio n  o f  a ro le in p ro m o tin g  CD4*Thl 7 d iffe ren tia tio n , 
is la rgely  a n  in h ib ito ry  cytok ine. In th is  regard , it is n o tab le  th a t  
TGFp-1 k n o ck -o u t m ice d ie  p re m a tu re ly  from  u n co n tro lle d  in fla m 
m a tio n  a n d  m u ltip le  o rg an  failu re  [1 5 |. As w e  o b served  d o w n  reg 
u la tio n  o f TGFp-1 g en e  tra n sc r ip tio n  b o th  in p a tie n ts  w ith  in fec tion  
w ith o u t critica l illness an d  in p a tie n ts  w ith  sepsis, it is likely th a t  
TGFp-1 d o w n  reg u la tio n  is a c o m p o n e n t o f  th e  h o st re sp o n se  to  
in fec tio n , an d  is n o t causally  re la ted  to  th e  o ccu rren ce  o f  se p sis  o r 
sy s te m ic  in flam m atio n . Indeed  th e  a b sen ce  o f  any  linkage b e tw e e n  
TGFp-1 mRNA levels an d  th e  severity  o f  o rg an  failure, o r  in p o in t of 
fact an y  o th e r  m e a su re  o f  o u tco m e in p a tie n ts  w ith  sepsis, su p p o rts  
th is  conclusion . TGF(i-l inh ib its in te rfe ro n  g am m a p ro d u c tio n  by

Table 2
Cytokine protein levels by ELISA in tliree study groups, sepsis (n = 59). bacteraemia 
( n  = 15), controls (n « 10).

Sepsis Bacteraemia Control P

TGFP-1
(pg/mL)

782 (724-826) 774 (751-805) 915 (747-980) 0.07"

N 59 15 10
IH 7(pg /m L ) 26.8 (18.1-34.7) 28.7 (8.4-59.5) 29.5 (21.4-38.5) ns
N 59 15 10
lL-6 (pg/mL) 195 (70-295) 31.1 (17-75) 1.5 (1.1-2.7) <0.0001
N 59 15 10
IL-ip(pg/mL) 2.2 (0-9) 0 0 (0-1.3) 0.0004
N 59 15 10

Cytokine protein levels in three study groups. Transforming growth factor ()-l (TCFp- 
1), interleukin-1’ (lL-17), interleukin-6 (IL-6) and interleukin ip  are expressed as 
picograms per m.llilitre (pg/mL). N  denotes number of subjects in each group.
All values are median and inter-quartile range.

 ̂ Control compared with combined bacteraemia and sepsis, and p = 0.07.

Table 3
Cytokine protein by ELISA and outcome of patients with sepsis.

Survival Death

N 39 17 P
TGFp-1 (pg/mL) 781 (721-820) 774 (694-911) ns
IL-17 (pg/mL) 31 (20.4-31) 25.7 (18.2-38.5) ns
IL-6 (pg/mL) 150(52-293) 294(128-297) 0.0002
IL-lp (pg/mL) 2.5 (0-7.2) 1.4 (0-9.7) ns

Cytokine protein levels in sepsis group comparing survivors and non-survivors. 
Transforming growth factor (i-1 (TGFp-1), interleukin-17 (IL-17), interleukin-6 (IL- 
6) and interleukin ip  are expressed as picograms per millilitre (pg/mL). N  denotes 
number of subjects in each group.
All values are median and inter-quartile range.

n a tu ra l k iller cells, an d  as a c o n se q u e n c e  im p e d e s  a p p ro p ria te  
CD4"^Thl d e v e lo p m e n t [10], th u s  it  is p lau s ib le  th a t  d o w n re g u la tio n  
o f  TGFp-1 in p a t ie n ts  w ith  in fec tio n  re p re se n ts  an  a p p ro p ria te  h o st 
response . F u rth e rm o re , a p rev io u s s tu d y  re p o r te d  lesse r TGFp-1 
mRNA copy  n u m b e rs  in w h o le  b lood  o f  p a tie n ts  w ith  sep sis  an d  
used  TGFp-1 mRNA levels in a sep sis  a lg o r ith m  [1 6 |. F low ever th is  
s tu d y  in c lu d ed  h e a lth y  v o lu n te e rs  as a co n tro l g ro u p  an d  d id n o t in 
c lude  p a tie n ts  w ith  in fec tio n  w ith o u t sepsis.

The IL-17 c y to k in e  fam ily  h as b een  th e  su b je c t o f m u ch  recen t 
investiga tion , sp ecifica lly  in an im a l m o d e ls  o f  a lle rg ic  e n cep h a litis , 
o f in fla m m ato ry  b o w el d isease , an d  in fec tion . A nim al m o d e ls  o f 
infection  su g g e s t IL-17 m ay  have a p ro te c tiv e  ro le  [6,17]. C on
versely  in an  a lte rn a tiv e  an im a l m o d el o f  in fec tio n , IL-17 w as 
a p p a ren tly  o f  le s se r  im p o rta n c e  an d  w a s  on ly  d e te c ta b le  in th e  a b 
sence  o f  in te rfe ro n  g a m m a  p ro d u c tio n  [18], W h ile  IL-17 p ro te in  
w as d e te c te d  in p e r ip h e ra l b lood, IL-17 mRNA w as n o t d e te c te d  
in PBMC, ev en  th o u g h  th e  RT-PCR p ro cess w as ca lib ra te d  to  d e te c t 
low  copy n u m b e rs  o f IL-17 mRNA. In th is  c o n te x t it is p lau sib le  th a t  
IL-17 p ro d u c tio n  is c o m p a rtm e n ta lise d , b e in g  p ro d u c e d  p rim a rily  
by m ucosal ly m p h o c y te s  ra th e r  th a n  PBMC. R ecen tly , find ings from  
an  an im al m o d el o f  co litis  o b se rv ed  th a t  IL-17 g e n e  ex p ress io n  w as 
p re d o m in a n tly  lo ca ted  in m u co sa l ly m p h o c y te s  |1 9 ]. On th e  o th e r  
hand , IL-17 m ay  be  o f  g re a te r  im p o rta n c e  in a u to - im m u n ity  an d  
m ay  n o t be  o f  g re a t re lev an ce  in th e  h u m a n  h o s t re sp o n se  to  sepsis. 
The d a ta  in th is  s tu d y  su g g e sts  th a t  it is im p ro b a b le  th a t  th e  p rev i
ously  re p o rte d  re la tio n  b e tw e e n  IL-23 an d  IL-27 a n d  o u tc o m e  in p a 
tie n ts  w ith  se p sis  is m e d ia te d  by an  IL-17 p a th w a y  [4].

In te rleu k in -6  is a  p le io tro p h ic  cy to k in e , p ro d u c e d  by a w id e  
range o f  cells, in c lu d in g  e n d o th e lia l cells, h e p a to c y te s , an d  p e r ip h 
eral b lood  leu k o cy tes . F low ever in th e  c o n te x t o f  h u m a n  sep sis  it  is 
u n ce rta in  w h e th e r  IL-6 e x e r ts  p re d o m in a n tly  p ro -in f la m m a to ry  o r 
a n ti- in f la m m a to ry  e ffec ts [20,21). In te rle u k in -6  h as m ark ed  p ro - 
in flam m ato ry  effec ts, u p  re g u la tin g  C5 [22]. C onversely , in a n  IL- 
6 an im al k n o ck o u t m o d e l o f a c u te  in ju ry , IL-6 w a s  re p o rte d  to  ex 
e r t a p ivotal a n ti- in f la m m a to ry  ro le  by co n tro llin g  th e  level o f  p ro -  
in flam m ato ry  cy to k in es  [23]. In a d d itio n  th e  re su lts  o f s tu d ie s  
ex am in in g  o u tc o m e  from  in fec tio n  in IL-6 g e n e  d e le tio n  m o d els  
in d ica te  a tr e n d  to w a rd s  ex cess m o rta lity  o r  no  effect in th e  
absence  o f  IL-6 [24]. T hus it is u n c le a r  w h e th e r  IL-6 c o n tr ib u te s  
sign ifican tly  to w a rd s  h o st b ac te ric id a l a c tiv ity  w h ils t  s im u lta 
neously  g e n e ra tin g  ex cess sy s te m ic  in fla m m atio n .

A dverse o u tc o m e  in p a tie n ts  w ith  se p sis  h a s  in th e  p a s t been  
linked w ith  e le v a te d  IL-6 p la sm a  levels, an d  m o re  recen tly  a d v e rse  
o u tco m e  in c o m m u n ity  ac q u ire d  p n e u m o n ia  h av e  b e e n  linked  w ith  
e lev a ted  lL-6 lev e ls  [17,25]. S im ila rly  w e  o b se rv e d  g re a te r  IL-6 p ro 
tein  levels in p e r ip h e ra l b lood  o f  p a tie n ts  w ith  in fec tio n  an d  sepsis, 
b u t s im u lta n e o u s ly  IL-6 gen e  tra n sc r ip tio n  w as d o w n  re g u la te d  in 
PBMC o f b a c te ra e m ic  p a tie n ts  w h o  d id  n o t d ev e lo p  sepsis. T hese  
d isc o rd an t f ind ings m ay  illu s tra te  c o m p a r tm e n ta lise d  cy to k in e  
p roduction , w ith  b lo o d  p ro te in  levels re flec tin g  g lobal cy to k in e  p ro 
duction , w h e re a s  PBMC mRNA levels re flec t p ro d u c tio n  in a sp e c ia 
lised c o m p a r tm e n t. In a d d itio n  it is n o ta b le  th a t, w h ile  IL-6 mRNA
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levels in PBMC are  severa l o rd e rs  o f m ag n itu d e  lo w er th a n  TGFp-1 
a n d  IL-1 p, IL-6 p ep tid e  levels w e re  read ily  d e te c ta b le  a t  g re a te r  lev
e ls th a n  IL-1 p in p lasm a sam ples. T hese d a ta  su g g est th a t  PBMC are  
n o t th e  p r in c ip le  so u rce  o f  lL-6 in p a tie n ts  w ith  in fec tion , com p ared  
w ith  o th e r  so u rc e s  su ch  as th e  en d o th e liu m  or h ep a to cy te s . In con 
t r a s t  th e  o p p o s ite  effect is o b served  w ith  IL-ip, w ith  ap p rec iab le  
mRNA lev e ls  In PBMC d e sp ite  low  or neg lig ib le  p ro te in  level in 
b lood, su g g e s tin g  th a t  IL -ip  e m a n a te s  to  a g re a te r  e x te n t from  
PBMC th a n  o th e r  sources. S im ilar c o m p a rtm e n ta lise d  cy to k in e  p ro
d u c tio n  has b een  re p o rte d  in se vere  sep sis  in h u m a n s  [26].

T here  w a s  no a sso c ia tio n  b e tw e e n  IL -ip  mRNA levels and  th e  
p re se n c e  o f  in fec tio n , o r  th e  occu rren ce  o f o rgan  fa ilu re  in resp o n se  
to  in fec tion . In c o n tra s t, a p rio r s tu d y  rep o rted  m ark ed  d o w n  reg
u la tio n  o f IL -ip  g en e  tran sc rip tio n  in p a tie n ts  w ith  sepsis [161, 
h o w e v e r s im ila rly  th is  s tu d y  d id n o t find an  asso c ia tio n  b e tw een  
se v e rity  o f  o rg a n  fa ilu re  an d  o u tco m e  an d  IL -ip  g en e  tran sc rip tio n . 
T he ex ac t ro le  o f  IL-1 p in th e  h o st re sp o n se  to  in fec tion  is unclear, 
as th e  o u tc o m e  w h e n  IL -lp  gen e  knock -o u t m ice a re  challenged  
w ith  live in fe c tio n  is s im ila r  to  th a t  o f  w ild  ty p e  m ice  [27], Conse
q u e n tly  IL-1 p m ay  n o t be  o f p ivotal Im p o rtan ce  in th e  h o st re 
sp o n se  to  b a c te ria l infection .

The m a jo r ity  o f p a tie n ts  w ith  se vere  sepsis had  ab d o m in a l and 
re sp ira to ry  in fec tions; p a tie n ts  w ith  g ram -n eg a tiv e  b ac te raem ia  
p re d o m in a n tly  had  u rin a ry  tra c t infection. W hile  th e  s ite  o f  in fection  
m ay  p lay  a ro le  in d e te rm in in g  th e  in te n sity  o f  th e  im m u n e  response  
to  Infec tion , w ith  Infection in th e  u rin a ry  trac t reg ard ed  as a re la 
tively  in n o c u o u s  infection , g ram -n eg a tiv e  b ac te raem ia  from  w h a t
e v e r  so u rce  is a sign ifican t infection. In p rio r w ork  by th is  g ro u p  w e 
re p o rte d  a c o n tin u u m  of p erip h era l leukocy te  cy tok ine  re sp o n se  to 
in fec tion  ran g in g  from  g ram -n eg a tiv e  b ac te raem ia  to  sepsis re lated  
m o rta lity  [4]. So th e re  is a d is tin c t possib ility  th a t  cy tok ine  m ed ia ted  
im m u n e  re sp o n se  assayed  in p erip h era l leuko cy tes m ay be  of co n 
s id e rab le  im p o rta n c e  in th e  h u m an  h o st resp o n se  to  infection.

W hile  co n v en tio n a l op in ion  holds th a t  sepsis is a sso c ia ted  w ith  a 
cy to k in e  s to rm , th e re  is in creasing  ev id en ce  th a t  th e  o ccu rren ce  of 
se v ere  se p s is  m ay  be asso c ia ted  w ith  defic ien t p ro -in flam m ato ry  
cy to k in e  p ro d u c tio n . TGFp-1 p rincipally  Inh ib its in flam m atio n  and  
m ay  c o n c u rre n tly  p ro m o te  lL-17 p ro d u c tio n . W hile  th e se  cy tok ines 
a p p e a r  to  h av e  a key ro le in au to - im m u n ity  and  infection , in th is

Appendix 1

O lig o n u c leo tid es for q u a n tita tiv e  re a l-tim e  PCR.

s tu d y  w e  in v es tig a ted  w h e th e r  se ru m  p ro te in  levels o r  PBMC gen e  
tran sc rip tio n  o f  a c k n o w led g e d  IL-17 re g u la to ry  cy to k in es  a re  re la ted  
to  th e  h u m a n  h o st re sp o n se  to  in fection . As su p p o rte d  by  o u r d a ta  w e 
suggest th a t  d o w n  re g u la tio n  o f  TGFp-1 g en e  tra n sc r ip tio n  Is re la ted  
to  th e  o ccu rren ce  o f  In fec tio n  ra th e r  th a n  th e  o n se t o f  sepsis. In te r
leu k in -1 7 p ro d u c tio n  in  p e r ip h e ra l b lood  leu k o cy te s m ay  n o t be  
im p o rta n t in th e  h u m a n  h o s t re sp o n se  to  In fec tion . T hese  find ings 
fu rth e r  o u r  u n d e rs ta n d in g  o f  th e  In flam m ato ry  re sp o n se  in sepsis.
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mRNA ta rg e ts O ligonucleotides (5 ' -> 3')^ Product size  (bp) Final co n cen tra tio n  (nM)*’

p-Actin F976: GCATGCAGAAGGAGATCACTC 
R1065: CGATCCACACGGAGTAOTG 
P997; 6Fam-CCCTGGCACCCAGCACAATG-Tamra-p

90 F300; R300; P200

IL-6 F288: AACATGTGTGAAAGCAGCAAAG
R397: AGGCAAGTCrCaCATTGAATC
P326: 6Fam-CAACCTGAACCTTCCAAACATGGCTG-Tainra-p

110 F300; R300; P200

IL-ip FI 76: ACAGATGAAGTGCTCCTTCCA 
R248: CTCGGAGATTCGTAGCTGCAT 
P207: 6Fam-CrCTGCCCTCrGGATGGCGG-Tainra-p

73 F600; R900; P200

TGF-p F1145: GACTACTACGCCAAGGAGGTCA 
R1232: TGCrGTGTGTAaCTGCTTGAAC 
P1169: 6Fam-CCCCTGCrAATCGTGCAAACCC-Tamra-p

88 F900; R600; P200

1L-I7a F I99: CATAACCGGAATACCAATACCAAT
R302: GGATATCTCTCAGGGTCCTCATT
P246: 6Fam-CAACCGATCCACCrCACdTGGAAT-Tamra-p

104 F300; R900, P200

1L-I7f F9: GCATACACAGGAAGATACATTCACA
R132; CCAATATCGACAGCAGCAAGTA
P36: 6FamAAGAGCTTCCTGCACAAAGTAAGCCACC-Tatnra-p

124 F900; R300: P200

T a b le  d e t a i l i n g  t h e  p r im e r  a n d  p r o b e  m R N A  t a r g e t  o l i g o n u c le o t id e s  s e q u e n c e s  u s e d  fo r  q u a n t i t a t i v e  r e a l - t im e  p o l y m e r a s e  c h a in  r e a c t io n  (qR T -P C R ). O l ig o n u c le o t id e  
s e q u e n c e s  5 ' t o  3 ' fo r p -A c tin , lL -6 , IL - ip , T C F fl-1 , 1 L -I7 a  a n d  IL -1 7 f m R N A  t a r g e t s  a r e  i l lu s t r a t e d .  All p r im e r  a n d  p r o b e s  u s e d  in  t h i s  s t u d y  w e r e  s y n t h e s i z e d  a t  A p p l ie d  
B io s y s te m s  ( F o s te r  C ity , CA. USA). P r im e rs  a n d  p r o b e s  w e r e  d e s ig n e d  a n d  c u s to m is e d  a s  p e r  S to r d e u r  e t  al. [1 4 ] , P r o d u c t  s i z e  is e x p r e s s e d  a s  b a s e  p a i r  n u m b e r s  (b p ) .

F, R a n d  P  in d i c a t e  fo r w a r d  a n d  r e v e r s e  p r im e r s  a n d  p ro b e s ,  r e s p e c t iv e ly ;  n u m b e r s  in d ic a te  t h e  s e q u e n c e  p o s i t io n .
^  F in a l c o n c e n t r a t i o n  o f  f o r w a r d  (F ) a n d  r e v e r s e  (R ) p r im e r s  a n d  p r o b e  (P ). All p r o b e s  u s e d  w e r e  T a m r a  p ro b e s .
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Appendix 2

Oligonucleotides for standard cDNA preparation.

Mm RNA target Oligonucleotides (5' 3')^ Product size (bp) Conditions for PCR'’

p-Actin F745: CCCTGCAGAAGAGCrACGA 509 (9 5 /2 0 ) 58 /20  72 /45) 35X
R1253: TAAACCCATGCCAATCrCAT

IL-6 F217: GAATTGACAAACAAATTCGGTACA 270 (95 /2 0 ) 6 0 /20  72/30) 35X
R486: CTCTGCCTTCTTCCTCACTACTC Ms 3-0 „

IL -ip F59: nTCATTGCrCAACTGTaGAA 495 (95 /2 0 ) 5 8 /20  72 /45 ) 35X
R553: ACTTGTTGCrCCATATCaGTC

TGF-p F925: CGGACrATCCACCTGCAAGA 339 (9 5 /2 0 ) 6 0 /20  72 /40 ) 35X
R1263: CGGAGCTCTGATGTCTTGAA

IL-17a FI 46: CAAATrCTGACGACAACAACTTCC 235 (9 5 /2 0 ) 6 1 /20  72/40) 35X
R380: GAGTTCATGTGGTAGTCCACGTT

IL -17f F I : GAACACAGGCATACACAGGAAGATA 250 (9 5 /2 0 ) 6 1 /20  72 /45 ) 35X
R250: CCAATGTCAAGCrrCATACTACCrC M g 1.5

Table d e ta ilin g  standard mRNA target o ligonucleotides sequences used for qua n tita tive  real-tim e polymerase chain reaction (qRT-PCR). Standard o ligonucleo tide  sequences 
5' to 3' fo r p -Actin , lL-6,1L-1(3. TGFp-1, IL-17a and 1L-I7 f mRNA targets are illustra ted. Product size Is expressed as base pa ir num bers (bp).

 ̂ F and R ind ica te  fo rw ard and reverse prim ers, respectively; numbers indicate the sequence position.
^ C onditions fo r  PCR {denaturation tem pera tu re /tim e  (s). **annealing tem p era tu re /tim e**e longa tion  tem pera tu re /tim e) x cycles num ber -  fina l Mg^* concentra tion  

(m M ).
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Post-operative infection and sepsis in humans is 
associated with deficient gene expression of 
cytokines and their apoptosis mediators
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Abstract

Introduction: Lynnphocyte homeostasis is dependent on the cytokines. We hypothesised that sepsis in humans 
is associated with differential gene expression of the Yc cytokines and their associated apoptosis mediators. 

Methods: The study population consisted of a total of 60 patients with severe sepsis, 15 with gram negative 
bacteraemia, 10 healthy controls and 60 patients undergoing elective lung resection surgery. Pneumonia was 
diagnosed by CDC NNIC criteria. Gene expression in peripheral blood leukocytes (PBLs) of interleukin (IL)-2, 7, 15 
and interferon (IFN)-y, Bax, Bim, Bcl-2 was determined by qRT-PCR and IL-2 and IL-7 serum protein levels by ELISA. 
Gene expression of IL-2, 7 and IFN-y was measured in peripheral blood leukocytes (PBL), cultured in the presence 
of lipopolysacharide (LPS) and CD3 binding antibody (CD3ab)

Results: IL-2 gene expression was lower in the bacteraemia group compared with controls, and lower still in the 
sepsis group (P < 0.0001). IL-7 gene expression was similar in controls and bacteraemia, but lower in sepsis (P < 
0.0001). IL-15 gene expression was similar in the three groups. Bcl-2 gene expression was less [P <  0.0001) and Bim 
gene expression was greater (P = 0.0003) in severe sepsis compared to bacteraemic and healthy controls. Bax gene 
expression was similar in the three groups.
In lung resection surgery patients, post-operative pneumonia was associated with a perioperative decrease in IL-2 
mRNA (P < 0.0001) and IL-7 mRNA (P = 0,003). IL-2 protein levels were reduced in sepsis and bacteraemia 
compared to controls (P = 0.02) but similar in pneumonia and non-pneumonia groups. IL-7 protein levels were 
similar in all groups.
In cultured PBLs, IFN-y gene expression was decreased in response to LPS and increased in response to CD3ab 
with sepsis: IL-7 gene expression increased in response to LPS in controls and to CD3ab with sepsis; Bcl-2 gene 
expression decreased in response to combined CD3ab and IL-2 with sepsis.

Conclusions: Patients with infection and sepsis have deficient IL-2 and IL-7 gene expression in PBLs. Aberrant
cytokine gene expression may precede the onset o f infection.

...___________________________________________________________________________________________________________________________________________________________________________________

Introduction
The gamma chain (yc) fam ily  o f in te rleuk ins  (IL ) tha t 
includes lL -2 , I1.-7, lL -15 and lL -21, regulate lym p h o 
cyte homeostasis. These cytokines act on d is tinc t ly m 
phocyte  p o pu la tio ns ; IL -2  is a T  ce ll g ro w th  fac to r, 
contribu tes to the development o f regulatory T  (T  reg)

*  C o rrespondence: d rm b w h ite@ yah o o .co .u k

'D e p t o f  Arvaesthesia a nd  Intensive  Care M ed ic ine , St James Hospita l, James 

Street, D ub ! n 08, Ire land

Full lis t o f  a jth o r  in fo rm a tio n  is availab le  at th e  end  o f  th e  a rtic le

cells [1]; IL -7  is c r it ic a l fo r T  and B cell developm ent 
and is a potent lymphocyte survival factor [2]; lL -15 is a 
trophic factor fo r N K  cells and CD8^ T  cell homeostasis 
[3]. The ce llu la r effects o f IL -2  and IL -7  are m ediated 
by regu la ting  Bcl-2 , Bax and B im  m ediated apoptosis 
[4,5].

This group has previously shown a lin k  between effec
to r cytokine gene expression in peripheral blood leuko
cytes (PBL) and hum an response to  in fe c t io n  and 
p a tien t response to  su rge ry  [6 -1 0 ]. In  these stud ies

O © 2011 White et al, licensee BioMed Central Ltd. Tiiis is an open access article d istributed under the terms o f the Creative Commons 
BioMed Central A ttribution License (httpy/creativecommons.org/licenses/by/2.0), which perm its unrestricted use, d istribution, and reproduction in 
any medium, provided the original work is properly cited
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cy tok in e  gene expression was assayed by reverse tra n 
scrip tase  po lym erase cha in  reac tion  acco rd in g  to  an 
es ta b lished  p ro to c o l [11 ]. T h is  approach p ro v id es  a 
un ique i n  vivo ins igh t to  PBL func tion  in hum ans that 
may n o t be reflected by cytokine p ro te in  levels in  pe r
ip he ra l b lood , as these p ro te ins  may em anate fro m  a 
diverse range o f o th e r cells. However, these cy tok in e  
gene exp ress ion  p a tte rn s  d id  n o t in c lu d e  c y to k in e s  
w h ich  regulate T  cell homeostasis, and consequently did 
n o t a cco u n t fo r  the  p ro fo u n d  lym p h o cy te  apop tos is  
re p o rte d  in  an im a l m odels  o f  sepsis and in  hum ans 
[12-14]. I t  is plausible that cytokines involved in  regulat
ing T  cell homeostasis are involved in the im m une de fi
c iency lin k e d  w ith  sepsis. Furtherm ore, the onset and 
evo lu tion  or reso lu tion  o f sepsis may be related to dys- 
re g u la t io n  o f  these cy tok in es . W e hypo thes ised  the 
gamma c cytokine mediated response may be im portan t 
in  bo th  the pred ispos ition  and occurrence o f  in fe c tion  
and sepsis in  hum ans. O u r p r im a ry  e n d p o in t was to  
d e te rm in e  w h e the r sepsis in hum ans was associa ted 
w ith  d iffe re n tia l gene expression o f gamma c fam ily  o f 
cy to k in e s . A  secondary  e n d p o in t was to  d e te rm in e  
whether any differentia l gene expression o f the gamma c 
cytokines preceded the clin ical onset o f infection.

W e re p o rt gene expression o f the Yc cy tok ines  and 
associated regulators o f apoptosis in PBl.s o f  pa tien ts 
w ith  sepsis, and gene expression in lung resection su r
gery patients. W e also investigated the effect o f exogen
ous IL -2  on c y to k in e  gene exp ression  in  c u ltu re d  
m o n o n u c le a r ce lls to  de te rm in e  w he the r lL -2  m ig h t 
p la u s ib ly  be con s id e red  as an im m u n e  a d ju v a n t fo r  
p a tie n t w ith  sepsis. W h ile  we cou ld  l in k  changes in 
cytok ine  gene expression to the occurrence o f sepsis in 
response to  in fe c tio n , we were no t clear w he the r th is  
was an ep iphenom enom , o r was causal in nature . T o  
c la rify  th is issue we needed to study a group o f patients 
who were like ly  to develop in fection and study cytokine 
gene expression p r io r  to  the onset o f in fe c tio n . Thus, 
we chose thoracic surgery patients as a group w ith  rela
tive ly  frequent occurrence o f post-operative pneum onia 
[15], in  w h ich we could draw  blood samples before and 
a fte r surgery, bu t p r io r  to  the onset o f in fe c tion . O u r 
results indicate that the occurrence o f in fection and sep
sis are lin ke d  w ith  d e fic ie n t fam ily  cy tok ines  gene 
expression, specifically IL-2 and IL-7.

Materials and methods
Patient groups
Established infection (sepsis, bacteraem ia)

W e s tud ied  60 consecu tive  pa tien ts  p re sen ting  w ith  
severe sepsis or septic shock attending St. James’s Hos
pita l, Dublin . A ll patients met the crite ria  as defined by 
the A m erican  College o f Chest Physic ians/S ocie ty o f

C ritica l Care Conference [16]. E th ica l approval fo r th is 
s tudy was ob ta ined  fro m  the E th ics C o m m itte e  o f St. 
James’s H o s p ita l and in fo rm e d  w r it te n  con sen t was 
obtained from  each patient or relative. Exclusion criteria 
included the fo llow ing : (1) pre-existing overt organ fa il
ure, (2) in fe c tion  w ith  hum an im m unodefic iency  v irus, 
(3) patients w ith  neutropen ia as a resu lt o f  chem othe r
apy, (4) p a tien ts  rece iv in g  lo n g -te rm  tre a tm e n t w ith  
s tero ids, (5) pa tien ts  w ith  traum a and bu rns, and (6) 
patients w ith  non-Irish  Caucasian ethnic background.

Severity o f illness was characterized upon admission to 
IC U  using the S im p lified Acute Physiology Score (SAPS 
I I)  [17] and the Sequentia l O rgan Fa ilu re  Assessment 
(SOFA) [18] scoring systems and again on Day 7. C lin i
cal and laboratory variables were collected on Day 1 and 
again on Day 7 in  surv ivo rs . T he  source o f in fe c tio n  
p re c ip ita ting  IC U  adm ission and the pathogenic organ
isms were docum ented . IC U  death o r su rv iva l to  IC U  
discharge was recorded.

Fifteen consecutive patients, adm itted to hospital w'ith 
a documented Gram-negative bacteraemia on blood cu l
ture were enrolled i f  no organ fa ilure o r im pending sep
tic  crisis was identified. Ten healthy staff members were 
identified as a con tro l group.
Prospective infection cohort

\  second study popu la tion  consisting o f 60 patients who 
unde rw en t tho ra co tom y fo r lung  resection surgery fo r 
n o n - in fe c t io u s  disease and w ith o u t  signs o f  acute 
resp ira to ry  in fe c tio n  were en ro lled . Patients w ith  p re 
existing im m unosuppression and those treated w ith  anti 
m icrobia ls in the week preceding surgery were excluded. 
Postoperative pa tien t care was provided by the p rim ary  
care service in accordance w ith  the established patien t 
care pathways in  ou r in s titu tio n  and w ith o u t reference 
to  the in ves tig a to rs . T he  d iagnosis o f  po s t-o p e ra tive  
p n eum on ia  (POP) in  the f irs t  week a fte r surgery  was 
based on the Center for Disease C on tro l and Prevention 
de fin ition  [19].
Blood sam pling

E D T A  anticoagulated blood samples were taken w ith in  
the f irs t  24 h o f IC U  adm iss ion and again seven days 
later in the IC U  patients. In bacteraemic patients, blood 
sam p ling  was ca rried  ou t w ith in  24 h o f the po s itive  
b lood cu ltu re  being reported. B lood samples were c o l
lected from  con tro ls  at one tim e po in t. In the tho raco t
om y g ro u p , w h o le  b lo o d  sa m p lin g  was co lle c te d  
p reoperative ly  (Day 0) and again 24 h (Day 1) and five 
days (Day 5) po s tope ra tive ly . PBLs were prepared by 
d e n s ity  g ra d ie n t c e n tr ifu g a tio n  us ing  L ym p h o p re p  
(Nycom ed Pharma, Oslo, Norway). For RN A extraction, 
PBLs were lysed w ith  R LT lysis b u ffe r (Q iagen, W est 
Sussex, England) and stored at -80 C. For flow  cytom e
try , PBLs were used im m edia te ly . Serum was obta ined
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from  whole blood clotted for 30 minutes, and stored at 
-80 C until analysis.

T o ta l  RNA was iso la ted  fro m  lysed PBLs u s ing  a 
commercially available kit (Qiagen) following the m a n u 
fa c tu re r ’s ins truct ions . T o  avoid amplif ication o f  c o n 
tam inating  genomic DNA, all samples were treated with 
RNase-free DNase (Qiagen) for 15 minutes. The  q u a n 
tity and purity of extracted RNA was measured by spec
t ro p h o to m e t ry  (E pp end o rf  B ioPhotom eter ,  H am bu rg ,  
Germany).

T o ta l  RNA was reverse  t r a n sc r ib e d  as p rev iou s ly  
descr ibed  [11]. T he  PCR reactions were carr ied  o u t  in 
an ABl Prism 7000 (Applied Biosytems, Foster City, CA, 
USA) an d  all reactions were perform ed in tr iplicate as 
prev iously  described  [11]. P rim ers  and probes used in 
th is  s tudy  were synthesized at Applied Biosystems. P- 
Actin, lL-2, IL-7, IL-15, IL-21, Bcl-2, Bim, Bax primers 
and  probes were designed and customised as per Stor- 
d eu r  et al. [11]. T he  DNA standards for P-Actin, IL-2, 
IL-7, IL-15, lL-21, Bim, Bax, Bcl-2 consisted of a cloned 
PCR produc t that included the quantified amplicon p re 
pared  by PCR from a cDNA population containing the 
ta rge t  m R N A  as per S to rd eu r  el al. [11]. T o  quantify  
t r an sc r ip t  levels a s tandard  curve was constructed ,  for 
each  PCR ru n ,  for each se lec ted  m R N A  ta rg e t  f ro m  
serial d ilu t ion s  o f  the  re levant s tan d a rd  as previously  
described [11]. Results were then expressed in absolute 
cop y  n u m b e r s  a f te r  n o rm a l i s a t io n  ag a in s t  p -A c t in  
m R N A  (m RN A  copy n u m bers  o f  cytokine m RN A  per 
10 million P -A ctin  mRNA copy num bers).  N o rm al isa 
tion calculation = (Target Gene Copy N um ber/p -A ctin  
Copy Number)'*7.
Cytokine serum protein m easurem ent by  Enzyme Linl<ed 
Im m unosorbant A ssay (ELISA)
Serum  was collected from patients and contro ls  at the  
same timepoints as blood was collected for gene expres
sion. S e ru m  lL-2 and  IL-7 c o n c en t ra t io n s  were m e a 
s u r e d  by in t r ip l ic a te  by ELISA (R&D System s,  
Minneapolis,  MN, USA). The lower limit of detection of 
lL-2 was 11.2 pg/mL and lL-7 was 0.50 pg/mL.
In vitro stimulation o f peripheral b lood  leukocytes 
Blood samples were collected from five healthy controls 
and  five patients with severe sepsis. PBLs were isolated 
and  cu ltu red  in 24-well plates at 10® cells/ml in RPMl 
1640 su pp lem en ted  with 10% (vol/vol) PCS and  2 m M  
glutamine 4-(2-hydroxyethyl)-l-piperazineethanesulfonic 
acid (HEPES). Cells were incubated in medium alone or 
stimulated with either 1 |ig/ml lipopolysaccharide (LPS) 
(C o n t ro l  LPS a n d  Sepsis LPS) for  24 h (to a c t iva te  
m onocytes  and  B cells), 3 (ig/ml anti-CD3 m onoclonal 
antibody (aCD3ab) (Control CD3 and Sepsis CDS) for 4 
h (to activate T cells), or  10 ng /m l phorbol m yris ta te  
acetate  + 1 |iM ionomycin (PMA+iono) (Control PMA 
and  Sepsis PMA) for 4 h (to ac tiva te  all cells). Each

experiment was perfo rm ed  in the absence and presence 
of 50 U re c o m b in a n t  IL-2 (rIL-2). 2 x 10® PBLs were 
harvested immediately for flow cytometry and remaining 
cells were lysed. T otal RNA was isolated; reverse t r a n 
scribed as previously described [11] and  mRN A  assayed 
for IFN-y, IL-2, IL-7 and  Bcl-2.
Flow cytom etry
Flurochrome-labelled m onoclonal antibodies specific for 
CDS, CD4, CDS, C D 56 , CD127, CD25, C D 19 , IFN-y 
and IL-2 and  iso type-m atched  con tro l  an tibodies  were 
o b ta in ed  fro m  BD B iosc iences .  PBLs (2 x 10®) w ere 
stained for cell surface antigen expression at 4 C in the 
dark for SO m inutes ,  then  w ashed twice in 2 mL p h o s 
phate-buffered saline contain ing 1% bovine se ru m  a lbu
m in an d  0.01% s o d iu m  az ide  (FACS W a sh )  and  
subsequently  fixed in 200 îL o f  1% pa rafo rm aldehyde  
(Sigma-Aldrich, Arklow, Ireland). Isotype-matched fluor- 
escently-labelled contro l  antibodies were used to d e te r 
mine b ack g ro u n d  levels o f  sta ining. Lym phocytes  and  
m o n ocy tes  w ere  id en t i f ied  by c h a ra c te r i s t i c  fo rw ard  
scatter and side scatter param eters  and T cells, NK cells 
and monocytes were defined as CDS^, CD3'CD56^ and 
CD 14^ populations , respectively. Results are expressed 
as % positive of gated population.
Statistical analysis
T he  W ilco xo n  ra n k  su m  tes t  w as used  to  analyse the 
differences b e tw e en  g ro u p s  for c o n t in u o u s  variables . 
Categorical variables w ere analysed by Chi Square  test 
and Fishers exact tes t as appropria te .  Results from cell 
culture experim ents  were analysed with a fully factorial 
M A N O V A , w ith  p o s t  h o c  c o n t r a s t  to  identify  d if fe r
ences between contro l and  septic patients , w here m ulti
variate  analysis identify ing a difference be tw een  these

Table 1 P a tien t d e m o g ra p h ic s  o f th e  th re e  s tu d y  g ro u p s , 
sepsis (n = 60), b a c te ra e m ia  {n = 15) a n d  h e a lth y  
con tro ls (n = 10)

S ep sis B acteraem ia C ontrol P

N 60 15 10

A ge 54 (72 to  80) 73 (70 to 82) ns

G end er (Fem ale) 27 (48%) 9 (60%) ns

A p ach e 25 (21 to 28) 7 (6 to  8) 0.0001

SOFA 10 (12 to 14) 1 (1 to 2) 0.0001

S ep tic  Shock 58 (98%) 0 0.0001

M ortality 18 (30%) 0 0.002

R espiratory Infection 25 (42%) 2 (13%)

A bdom inal In fection 28 (48%) 4 (27%)

Urinary 0 6 (40%)

O ther Infection 6 (10%) 3 (20%) 0.000!

P atien t d em o g ra p h ic s  o f  th e  th re e  s tu d y  g ro u p s, S epsis (n = 60), B acteraem ia 
(n = 15) an d  H ealthy  C ontro ls (n =  10). N d e n o te s  n u m b er  in e a ch  g ro u p . .All 
co n tin u o u s values a re  m ed ian  a n d  in te r-q u artile  ran g e . C ategories a re  s ta te d  
as ab so lu te  n u m b ers  w ith  p e rc e n ta g e s  in p a re n th e se s . A pache, A cute 
Physiology an d  C hronic H ealth  Evaluation; SOFA, S eq u en tia l O rgan  Failure 
A ssessm ent.
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groups. Data analysis was performed using the JMP sta
tistical package (SAS, Cary, NC, USA).

Results
D em ographic  variables, site of infection and severity of 
il lness  scores  from  60 septic ,  15 bac te raem ic  an d  10 
healthy controls are given in Table 1. lL-2 gene expres
sion was lower in bacteraemia patients com pared  with 
contro ls ,  and  lower still in patients with sepsis (Figure
1); IL-7 gene expression was similar in control and bac
teraem ic  patients , bu t lower in patients with sepsis; IL- 
15 gene expression was similar in the three groups. IL- 
21 m R N A  was n o t  d e te c te d  in PBLs o f  any  s tu d y  
groups. There was no relation between gender, age and 
IL-2 and  IL-7 mRNA levels.

Bcl-2 gene  ex p ress io n  was g rea te s t  in b ac te ra e m ic  
patients , intermediate in controls and the least in septic 
patien ts ;  Bim gene expression  was increased in sepsis 
com pared to bacteraemia and controls; Bax gene expres
sion was similar in all three groups (Figure 1).

T h e re  was no relation between severity o f  organ fail
u re  a n d /o r  o u tc o m e  in pa tien ts  with sepsis and  lL-2, 
lL-7, lL-15, Bim, Bax or Bcl-2 gene expression.

lL-2 p ro te in  levels were g rea te r  in healthy  co n tro ls  
com pared  to patients w'ith established infection (Figure
2). IL-7 protein  levels w ere similar in the three groups. 
T h e r e  was no  co r r e la t io n  b e tw e e n  cy to k in e  m R N A  
levels and  respective cytokine protein levels. T here  was 
no relation between survival or severity of organ failure 
and cytokine protein levels.

D em ographic  variables, functional im pairm en t scores 
and  information on the type of surgery performed for 60 
elective thoracic surgery patients are given in Table 2. In 
th o r a c ic  su rg e ry  pa t ien ts ,  P O P  was a sso c ia ted  w ith  
reduced  IL-2 gene expression on the first day after su r 
gery and  lower lL-7 gene expression on the fifth day after 
surgery (Figure 3). W hen the relative changes in cytokine 
m R N A  w ere  co n s id e red ,  th e r e  was a s ign if ican t  link 
between a decrease in IL-2 and lL-7 gene expression on 
the first day after surgery and the subsequent occurrence 
of POP (Table 3). Allowing for the multiple comparisons 
o f  cy tokine gene transcription, at three time points, the 
perioperative change in IL-2 would still retain statistical 
s ign if icance  w hile  the  s ign if icance  o f  ch an g e  in IL-7 
would be borderline.

Pre-opera;ive IL-2 and IL-7 mRNA values of patients 
in th e  th o rac ic  su rge ry  s tu d y  w ere  c o m p a r e d  w ith  
pa tients  in ;he sepsis study. M edian  Pre-operative IL-2 
mRNA cop\ numbers were similar to those of bacterae
mic patients, less than healthy controls, and greater than 
p a t i e n ts  with sepsis (W ilcox on  ran k  su m  te s t  P < 
0.0001). Median Pre-operative IL-7 mRNA copy n u m 
bers w ere similar to those of bacteraemic patients and 
healthy  controls, and greater than  patients with sepsis

(W ilco xo n  ra n k  s u m  te s t  P < 0 .0001).  M e d ia n  P re 
operative Bcl-2 m R N A  copy n u m b e r s  w ere sim ilar to 
those of bacte raem ic  patients and  healthy controls, and 
greater  than  p a t ien ts  w ith  sepsis (W ilcoxon  ran k  sum  
test P < 0.0001). Bax m R N A  levels w ere s im ilar in all 
four groups.

S erum  IL-2 a n d  lL-7 p ro te in  levels w ere  s im ila r  in 
POP and non POP groups bo th  before surgery and Day 
1 and Day 5 after surgery.

Cell surface expression of the  IL-2 receptor in T cells 
CD4^CD25^was s im ilar  in sepsis and  co n tro l  sam ples 
(Table  4). T h e  IL-7 re c e p to r ,  CD127'^, e x p re s s io n  is 
increased on CDS"^ lymphocytes from patients with sepsis 
but reduced  on NK cells co m p ared  to  con tro l  samples 
(Table 4).

In PBL cultures  there  was no significant difference in 
IFN-y gene express ion  be tw een  pa t ien t  g roups . T here  
was a significant re la tionship  between the  type o f  e x o 
g en o u s  s t im u la t io n  a n d  IFN-y g e n e  e x p re s s io n  {P = 
0.0001); th e r e  was a s ig n if ic a n t  in t e r a c t io n  b e tw ee n  
p a t ie n t  g ro u p  an d  typ e  o f  s t im u la t io n  {P = 0 .0002).  
T h us  IFN-y gene  express ion  was lower in the  PBLs of 
patients with sepsis in the  presence  o f  LPS, and  IFN-y 
gene  e x p ress ion  was h ig h e r  in PBLs o f  p a t i e n ts  with 
sepsis in the presence of CD3ab (Figure 4).

In PBL cu ltu res  there  was no  significant d ifference in 
IL-7 gene expression between patient groups (Figure 4). 
However th e re  was a significant re la tion  b e tw een  lL-7 
gene expression and  stim ulus type, with IL-7 expression 
grea te r  in the  p re sen ce  o f  LPS c o m p a re d  w ith  co n tro l  
m ed ium  (P = 0.002), T h e  in te ra c t io n  b e tw een  pa t ien t  
G roup and Stimulus type had a significant effect on IL-7 
gene expression {P = 0.04), as in the  presence of CDSab, 
IL-7 gene expression  was greater  in PBLs from  patients 
with sepsis than in control samples {P = 0.005).

W hen cultured PBLs of patients with sepsis and healthy 
controls were com pared , there was no significant differ
ence in IL-2 gene  ex press ion  b e tw een  p a t ie n t  G roups .  
There was a significant difference in IL-2 gene expression 
with Stimulus type (P = 0.002), with lL-2 gene expression 
greater in the presence o f  PMA com pared  with a control 
m edium  {P = 0.0002). T h e  in te rac t ion  be tw een  pa t ien t  
G roup  and  type o f  S tim ulus had  no effect on  IL-2 gene 
expression.

In parallel cultures in the presence of rIL-2, there  was 
no s ignificant d if fe rence  in IFN-y. lL-7, o r  IL-2 gene 
expression be tw een  G rou ps  o r  with exogenous  Stimuli 
(Figure 4).

There was no rela tion between Bcl-2 gene expression 
and  pa tien t G ro u p  o r  exo genous  S tim ulus. In parallel 
cultures in the  presence  of rIL-2, there  was an in terac
tion  be tw een  p a t i e n t  G ro u p  and  e x o g en o u s  S tim ulus  
which had a significant effect on Bcl-2 gene expression, 
(P = 0.0008) (Figure 4). O n  pos t  hoc tes ting Bcl-2 gene
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Figure 1 Cytokine gene expression levels in sepsis (n = 60), bacteraemia (n = 15) and controls (n = 10) as measured with qRT-PCR IL-
2, IL-17, IL-15, IFN-y, Bcl-2, Bim and Bax are expressed as copy numbers o f cytokine mRNA normalised to  per 10 m illion p-Actin mRNA copy 
numbers. Values represented as medians and centiles iO to  90% in parentiiesis. Between groups analysis is by Wilcoxon Rank Sum test. Painwise 
comparisons between control and bacteraemic {*), control and sepsis (#), p values are indicated where positive.
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Figure 2 Cytokine prote in  levels in patients w ith  sepsis (n =  
56), bacteraemic (n = 15) and control (n = 10) study groups
Interleukin-2 (IL-2) and Interleukin-7 (IL-7) are expressed as 
picograms per m illiliter (pg/mL), * denotes P-value < 0.05. N 
denotes number o f subjects in each group. All values are median 
and interquartile range in parenthesis. Between group comparisons 
is by Wilcoxon Rank Sum test.

expression was s ig n if ic a n tly  lo w er in PBLs o f pa tien ts 
w ith  sepsis com pared w’ith  contro ls, after cu ltu re  in  the 
presence o f aCDSab and rIL -2  (P = 0.005).

Discussion
The onset o f in fe c tio n  and subsequent occu rrence  o f 
sepsis is linked  w ith  anom alous gene expression o f j c  
cytokines lL -2  and IL -7 . IL -2  the p ro to typ ica l m em ber 
o f the Yc cytokine family, is secreted after T  cell receptor 
(T C R ) s tim u la tio n  [20] and acting  as a T  ce ll g ro w th

factor [21], plays a p ivo ta l ro le in  the T  cell phenotype 
d iffe ren tia tion  [22], c o n trib u tin g  to the developm ent o f 
regulatory T  cells and im m une tolerance [23]. IL -2  p ro 
duced by T  cells in  an au tocrine  m anner in  the in it ia l 
stages o f T  cell activation, is essential fo r the generation 
and maintenance o f effector and m em ory cells [24]. The 
actions o f lL -2  are m u lti- fa c e te d , as IL -2  has been 
shown to induce apoptosis o f activated T  cells [25]. I t  is 
p laus ib le  th a t the  decrease in  IL -2  gene exp ress ion  
which we observed in  patients w ith  gram negative in fec
tion and sepsis may reflect a fa ilure o f T  cell activation.

Cell cu ltu re experiments indicated tha t trea tm ent w ith  
exogenous IL -2  dow n regulated gene expression o f the 
anti apoptotic m arker Bcl-2 in activated T  cells o f septic 
patients. T h is  e ffect o f  exogenous IL -2  may represent 
activation induced leukocyte apoptosis, w h ich  is a well 
described effect o f  IL -2  [25]. Furtherm ore, IL -2  a ttenu
ated in d u c ib le  IF N -y  gene expression, w h ich  e ffect is 
p lausibly related to the pro apop to tic  effects o f IL -2  in  
activated T  cells. These data w ou ld  preclude considera
tio n  o f IL -2  as a sepsis im m une  ad juvant, and c o n tr i
butes to  th e  in c re a s in g  re c o g n it io n  th a t a p o p to tic  
processes have a salient role in  septic shock pa thophy
siology [26,27].

IL -7  is a recognised lym phocyte  surv iva l fac to r [28]. 
P roduced by s tro m a l and e p ith e lia l ce lls in  the  bone 
marrow, by the thym us and by fibroblastic re ticu la r cells 
in T  zones o f secondary lym p ho id  organs, and by den
d ritic  cells, IL -7  regulates T  cell activa tion  by de nd ritic  
cells [29,30]. T he  b io a va ila b ility  o f IL -7  is de term ined 
bo th  by its  p ro d u c tio n  and c o n s u m p tio n  by C D 4* T  
cells [2]. Thus lym phopen ia in  hum ans should be asso
ciated w ith  rec ip roca l increases in  IL -7  levels [31]. In  
this study lym phopen ic  patients w ith  severe sepsis had 
decreased IL -7  gene expression, com pared to  con tro ls  
and patien ts w ith  in fe c tio n . D ire c t T  ce ll s t im u la tio n  
increased IL -7  gene exp ress ion  o f PBLs fro m  sep tic  
patients rather than con tro l subjects, suggesting that IL - 
7 p ro du c tion  by periphera l lym phocytes requires p r io r  
lym phocyte activation. Excess IL -2  abolished th is  d iffe r
ence in IL -7  gene expression, w h ich may also represent 
a side effect o f a c tiv a tio n  apoptosis. W h ile  IL -7  may 
have the po te n tia l to  reverse sepsis induced apoptosis 
and rh IL -2  related apoptosis in  PBL o f septic patients, 
this w ill require  fu rth e r investigation and is beyond the 
scope o f the curren t project.

IL-7 negatively regulates cell surface expression o f its 
cognate receptor C D -127 [32]. Th is receptor, C D -127, is 
expressed on na ive and m em o ry  T  cells, b u t n o t on 
effector T  cells. In  th is study, patients w ith  sepsis exhib
ited  a m arked re d u c tio n  in  C D 127 '-ve  T  cells, w h ich  
includes the subpopu lation o f effector T  cells, and sug
gests tha t the characteristic lym phopen ia  o f  sepsis p r i
m a rily  invo lves e ffe c to r T  cells. IL -7  regulates T  ce ll
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Table 2 P atien t dem ographic data  in lung resection surgery study group
Non POP POP P

Gender, M/F 29/12 13/6 0.86

A ge In years 64.5 + /-  1.34 63.7 + /- 1.9 0.74

Body Mass Index, kg/m^ 25.9 + /- 0.92 27.65 + /- 1.35 0 2 9

Karnofsky index score, m ean -f/-SD 90.24 f / -  1.17 88.95 + /-  1.72 0.54

NSCLC, n (%) 24 (58%) 8 (47%) 0.82

Currently sm oking 16 (39%) 8 (42%)

Recent Cessation 15 (36%) 8 (42%)

Non Sm oker 10 (24%) 3 (16%) 0.18

Cardiovascular co  morbidity, n (%) 14 (34%) 7(37%) 0.57

Preoperative FEV,, (%) 82,12 + /- 2 2 8 82.34 + /- 3.36 0.95

Type o f operation L obectom y 39 14 0.99

P n eu m o n e c to m y 2 5 0.03*

Neoadjuvant chem otherapy 5 (12.2%) 2 (105% ) 0.96

Perioperative anti microbial cover 41(100%) 19 (100%) ns

A naesthesia tim e in minutes 233.0 + /- 40 238.6 + /-  52 0.51

One lung Ventilation tim e In minutes 85.5 + /-  149 88.0 + /-  9.6 0 1 9

Post-operative PPV 2 1 ns

P a tien t d e m o g ra p h ic  d a ta  in lung resection  surgery  s tu d y  g ro u p . A bsence of po st-o p era tiv e  p n e u m o n ia  (non-POP); p o s t-o p e ra tiv e  p n e u m o n ia  (POP). P o st
o p e ra tiv e  po sitiv e  p ressu re  ventilation  (P ost-operative PPV). NSCLC, Non sm all cell lung cancer. C a tegories a re  s ta te d  as a b so lu te  n u m b ers  w/ith p e rc e n ta g e s  in 
p a re n th e se s .  V alues g iven  as m ean  + / -  SD or n u m b er  {%) u n less othenA^ise in d ica ted . FEV|, fo rced  expiratory  vo lum e in o n e  seco n d .

hom eostasis in part by increasing the expression of Bcl- 
2, and  by inh ib iting  the expression of the p ro -apopto tic  
factors Bax and  Bim [3!^34]. W hile we observed d iffer
ential gene expressionof Bcl-2 and Bim in patien ts w ith 
sepsis, these  effects were no t obvious im m ediately after 
surgery in the initial stages of infection.

In th is study  of adults w ith bacterial infection, IL-15 
gene expression was similar in all patient groups. This is 
no t su rp ris in g  as IL-15, in co n cert w ith lL-7, acts as a 
regu la to r o f CD8-f T cells, w hose prim ary role is in the 
im m u n e  resp o n se  to  viral infection , and  n o t bacte ria l 
infection [35]. Using a w ell-established qRT-PCR p ro to 
col we co u ld  n o t find  any d e tec tab le  IL-21 m RN A  in 
PBL’s o f  h u m an s  w ith  sepsis, suggesting  th a t IL-21 is 
p re d o m in a n tly  p ro d u ced  by lym phocy tes p o p u la tio n s  
o ther th an  PBL’s and is not of pivotal im portance in the 
im m une response to  infection in adults. This is consis
te n t w ith  ex is ting  lite ra tu re  w hich im plicates IL-21 in 
the pa thogenesis of a to im m une diseases such SLE, d ia 
betes and  psoriasis [36,37].

IFN-y produced  by T h l CD4 cells and antigen p resen t
ing cells (APCs) augm ents phagocytic bactericidal activity 
in patients w ith infection [38,39], and is a useful m etric o f 
host im m une response to infection, and we considered it 
as su ch  in  th e  cell cu ltu re  ex p e rim en ts . In th is  stu d y  
dow n-regulation  of IFN-y gene expression was evident in 
c u ltu re d  PBLs o f sep tic  p a tien ts . F u rth e rm o re , th e  
reported  attenuation  of IFN-y gene expression in cultured 
PBLs o f patients w ith sepsis was corrected by direct T  cell 
stim ulation, b u t was refractory to  stim ulation with m ono- 
ctye specific  ligands. T hus, it seem s p lausib le  th a t the

observed dow n-reg u la tio n  o f IFN-y gene exp ression  in 
sepsis is indicative o f defective an tigen  p re se n ta tio n  by 
APCs such as m onocytes, ra th er th a n  an  in trin sic  T  cell 
defect. It is notable th a t ou r a ttem p t to  c ircum ven t this 
defect in APC dy sfu n c tio n  using  rIL -2  in cell c u ltu re s  
failed, as this intervention appeared to  augm ent p ro  apop- 
to tic  signals and  in h ib ite d  in d u c ib le  IFN -y an d  IL-7 
production.

T he link betw een  sepsis and  lym phocy te  ap op to s is  is 
well e s tab lish ed , w ith  severa l in v e s tig a to rs  re p o r tin g  
dow n-regulation of gene expression o f the an ti apoptotic  
p ro te in  Bcl-2 and  u p re g u la tio n  o f  g ene  e x p re ss io n  o f 
antagonistic p ro-apoptotic proteins, such as Bid and Bax. 
In addition, there is evidence from  anim al sepsis m odels 
th a t m an ipu la tion  of these reg u la to rs  o f ap o p to s is  may 
im prove outcom e [40-42]. However, we no ted  th a t Bcl-2 
and related genes were also dysregulated in patien ts w ith 
infection, b u t to  a lesser e x ten t th a n  in sep tic  patien ts . 
Furtherm ore, prio r to  the onset o f infection we observed 
changes in IL-2 and  lL -7 gene ex p ressio n  w ith o u t any 
change in expression  of th e  Bcl-2 re la ted  genes. As the 
effects of IL-2 and IL-7 are m ediated  by regulating  Bcl-2 
and related genes, it is plausible tha t the reported  changes 
in Bcl-2 related genes in septic patients reflect underlying 
changes in gene expression o f the gam m a chain  family of 
cytokines, specifically IL-2 and lL-7.

This study elaborates up o n  ou r existing  know ledge of 
the im m une suppression which characterises sepsis. W hile 
th e  severity  o f o rgan  fa ilu re  in sep tic  p a tie n ts  can  be 
directly related to hum eral factors, such as lL-6 and com 
p lem ent [43,44], the co n co m itan t im m u n e  supp ression



White et a t  Critical Care 2011, 15:R158 
http;//ccforum.com/content/l 5/3/Rl 58

Page 8 of 11

IL-S gtne •itpression Day 1

-  - p

1̂

Figure 3 Cytokine mRNA gene expression In thoracic surgery patients. Cytokine mRNA gene expression was analysed at baseline Day 0 (24 
hours pre surgery), Day 1 (24 hours post surgery) and Day 5 after surgery POP, post-operative pneumonia (N = 19). Non POP, non post
operative pneumonia (N = 41). IL-2, IL-7, IL-15, Bcl-2 and Bim are expressed as copy numbers of cytokine mRNA per 10 million p-Actin mRNA 
copy numbers. Values represented as medians and centiles 10 to 90% in parenthesis. Between groups analysis is by Wilcoxon Rank Sum test. N 
denotes number of patients in each group.

can be linked to dysregulation o f the im m une response by 
PBL, Thus, in patients w ith  sepsis, and who fail to recover 
from  sepsis, PBLs produce less o f the effector cytokines 
that enhance phagocytic bactericidal activity such as IFN-y 
and T N F a . Furtherm ore, PBLs o f septic patients exh ib it 
anaomolus production o f cytokines mediating T  cell acti
vation [8]. In addition, surface expression o f M H C  class II 
m olecu les is do w n -re gu la te d  in  m onocytes o f sep tic  
pa tien ts and septic patients who encounter nosocom ial 
in fections [45]. Lastly, gene expression o f the cytokines 
requ ired  to m a in ta in  1' cell homeostasis appears to  be 
de fic ien t in  the PBL o f septic patients. Hence, in  septic 
pa tien ts  there appears to be a com plex m u ltifa c to r ia l

Table 3 Relative Change In cytokine mRNA in the first 24 
hours after surgery

POP Non POP P

IL-2 6.7 (2.1 to 28.1) 1.1 (03 to 4.7) < 0.0001

N 14 37

IL-7 1.3 (0.9 to 6.2) 0.9 (0.5 to 2.1) 0.003

N 18 41

Relative cliange in cytokine mRNA gene expression in first 24 hours after 
surgery. These data represent the ratio o f pre-operative mRNA to  post
operative mRNA; the preoperative value divided by the post-operative value. 
All values are quotes as median and 10'^ to  90'^ centile range. POP, post
operative pneumonia, Non POP, uneventful recovery; mRNA, messenger 
ribonucleic acid. Comparison is by Mann Whitney. N denotes the num ber o f 
patients in each group.
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Table 4 Cell surface antigen staining % total peripheral blood leukocytes
Control Sepsis P

N 5 5

Monocytes 4.9 (2.5 to  6,9) 5.2 (2.7 to  7.1) 0.9

Lymphocytes

iNKT 0.8 (0.2 to  1.0) 0.2 (0.1 to  0.7) 0.05*

B Cells 6.1 (5.2 to  12.8) 16.2 (1.9 to  18,1) 0.62

NK cells 2.0 (0.1 to  8.0) 4.6 (0,6 to  12.7) 0.25

CD56-I-CD127+ 66.5 (62.7 to  73.9) 20.9 (3.9 to  53.9) 0.0 r

CD56-" 1.6 (0.3 to  3.4) 0.6 (0.3 to  3.8) 0.40

CD3+ 83.9 (77.5 to  92.7) 61.3 (54.0 to  67.2) 0.009*

CD3+CD4+ 53.65 (25.7 to  66.4) 77.7 (65.5 to  84) 0.04*

CD3-l-CD4-l-CD25-^ 19.85 (34 to  25.2) 114 (1.8 to  16.5) 0.25

CD3+CD8+ 30.7 (19.5 to  45.9) 16.1 (144 to  33.6) 0.14

CD3+CD127+ 80.5 (49.3 to  89.3) 97.2 (87.2 to  98.6) 0.01*

Cell surface antigen staining % total peripheral blood leukocytes. All values are quoted as percentage values o f total peripheral blood leukocytes. All lym phocyte 
subsets are quoted as total gated lymphocytes. All values are quoted as median and 10'’̂  to  90'^ centile range. CD4+CD25+, CD4+, CD8+ are quoted as 
percentages o f T Lymphocytes. NK, natural killer cells, INKT cells; Betw/een group comparison is by Mann Whitney.

5  10'

ai IL'2 gene expression
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Figure 4 Cytokine mRNA gene expression after in vitro stimulation of PBLs from septic (n = 5) and control (n = 5) patients Interleukin 
(IL) -2, 7, Bcl-2 and Interferon gamma (IFN-.,) gene expression are expressed as normalised copy numbers o f cytokine mRNA per 10 m illion [3- 
Actin mRNA copy numbers is p lotted on y axis. PBL's were incubated w ith  m edium  alone, o r stimulated w ith  1 pg/m l lipopolysaccharide (LPS), 
or stimulated w ith  3 |jg /m l anti-CD3 monoclonal antibody (CDS) or alternatively stimulated w ith  1 |jg/iVl PMA and ionomycin. Type o f 
stimulation is p lotted on x  axis. Figure 1 a, b, c, d in vitro stimulation o f PBLs from  control and septic patients in absence o f recom binant IL-2 
(rlL-2) and Figure le , f, g, h in vitro stimulation o f PBLs after pre-treatment o f PBLs w ith  rlL-2.
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im m une paresis. The com p lex ity  o f this im m une paresis 
suggests that im m une adjuvant sepsis therapies may need 
to be m u ltim oda l and provided on an individualised basis.

Conclusions
In  conclus ion there is a re la tion between aberrant gene 
expression o f the yc fam ily  o f cytokines, and the hum an 
im m une response to in fection and the onset o f sepsis.

Key messages
♦ T h€  occurrence o f in fe c tion  and sepsis are linked  
w ith  deficient IL-2 and IL-7 gene expression.
• S im ila r  p a tte rn s  o f  c y to k in e  exp ress ion  are 
observed bo th  in  sepsis and p r io r  to  the onset o f 
in fection.
• O nse t o f in fe c tion  is associated w ith  deficiency o f 
cytokines that regulate T  cell homeostasis.
♦ Changes in gene expression appear to precede the 
onset o f c lin ica l in fection.
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Hospital-Acquired Pneumonia After Lung 
Resection Surgery Is Associated With 
Characteristic Cytokine Gene Expression
Manj White, MB; Ignacio Martin-Loeches, PhD; Matthew W. Lawless, PhD;
Michael]. O ’Dwijer, PhD; Derek G. Doherty, PhD; Vincent Young, MB;
Dennot Kelleher, MD; Ross McManus, PhD; and Thomas Ryan, MB

CHEST

Background: Infection in hum ans has been  linked with altered  cytokine gene transcrip tion . It is 
unclear w hether this phenom enon is a consequence of an established disease process o r  precedes 
the infective process. The primary' end  point of this study was to  determ ine  w hether hospital- 
acquired pneum onia (IIAP) was associated with difTerential gene expression of interferon (IFN)-^, 
tum or necrosis factor (TNF)-a, and IL -23pI9 . The secondary end  po in t was to identify w hether 
a lteration  in gene expression p receded  the clinical onset of infection.
Methods: Sixty consecu ti\e  patients undergoing  elective thoracic surgery  w ere recru ited . HAP 
was diagnosed as p e r National Nosocomial Infection Surveillance guidelines. M essenger RNA 
(mRNA) and pro te in  levels w ere analyzed preoperatively and 24 h and 5 days postoperatively. 
Results: Forty-one patien ts had an uncom plicated recover^'. N ineteen patients developed HAP. 
IL-6 , IL-10, IL-12p3.5, IL -23pl9 , IL-27p28, TNF-a, and IFN - 7  mRNA and pro te in  levels of IL-6 , 
IL-23, and IFN-'y in peripheral blood leukocyles were analj’zed before  su rgerj' and 24 h and 
5 days postsurgerj-. IL -23p l9  mRNA levels w ere reduced in the pneum onia group (m edian, 4.19; 
10th-90th centile range, 3.90-4.71) com pared with the nonpneumonia group (4.50; 3.85-5.32) day 1 
postsurgery (P = .02). IFN - 7  mRNA levels w ere reduced in the pneum onia group (2.48; 1.20-3.20) 
com pared with nonpneum onia group (2.81; 2.10-3.26) (P= .03) day 5 postsurgery. Results a re  
expressed as log to base 10 copy num bers o f c jlok ine  mRNA p e r  10 million (3-actin mRNA copy 
num bers. All values a re  given as m edian and  10th to 90th centile range.
Conclusions: Cytokine gene expression is a lte red  im m ediately following surgery  in patients with 
postoperative HAR C H EST 2011; 139(3).626-632

Abbreviations: cDNA = complementary’ DNA; ELISA =  enzyme-linked immunosorbent iissay; HAP =  liospitiil-acquired 
pneumonia; IFN -7 =  intert'eron-7; niHNA = messenger RNA; PBL =  peripheral blood leukocyte; PCH =  polymerase 
cluiin reaction; T N F =  tum or nccrosis factor

Thoracic siirgeiy is frequently complicated by post
operative hosp ita l-acqu ired  pneum onia  (HAP), 

with an associated mortalit)' rate of 30%.' Although risk 
factors for HAP after thoracic singer)' are reported,^ 
these consist of dem ographic factors and indices of 
pulm onaiy dysfimction, which are largely immutable. 
Few  studies have investigated  th e  inflam m ator)’ or 
immune response after thoracic surgery’ and none have 
identified any link between the occun ence of infection 
in diis setting and an underl)ing immune suppression.

T he c)tok ine-m ediated  im m une response may be 
im portant in generating an initial predisposition for 
the occurrence and subsequent outcom e of infec
tion. Infection after surger)' has been linked with
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dowTi-regulation of in terferon - 7  (IF N -7 ) production  
by monocytes and inhibition o f inducible IL-12 p ro
duction T raum a patients w ho develop sepsis exhibit 
greater IL-10 levels in peripheral b lo o d .F u r th e r 
m ore, sepsis a fte r  esophageal su rgery  has b een  
linked with alleUc variation of die tim ior necrosis factor 
(TNF) gene.’ '’ Similarly, the occurrence o f sepsis in 
patients w ith infection has been  related  to increased 
IL-10 and reduced  IF N - 7  and T N F -a  m essenger 
RNA (mRNA) expression com pared  wdth patients 
who tolerate infection without consequent end-organ 
dysfunction."

The IL-12 family of c)1:okines, including IL-23 and 
IL-27, are im portant regulators of innate and adaptive
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im m une response to infection.* W e recently dem 
onstrated an association between IL-23 and IL-27 
gene expression and the occurrence o f sepsis in 
patients with infection.® Collectively, these and other 
studies indicate a link between the human host 
response to infection and diminished cytoldne-mediated 
bactericidal proinflammatory response.

However, these studies focused on patients with 
estabhshed infection or severe sepsis, and at a single 
time point, and did not report on the initial cytokine 
response at the onset of infection. Thoracic surgical 
patients have a high incidence of postoperative pneu
monia and provide an ideal model to study the onset 
of infection. We hypothesize the host response to 
HAP is associated with diminished bactericidiJ inflam- 
mator)' response, identifiable prior to the clinical 
onset of pneiunonia rather than consequential to the 
inHammator)' process. A prospective study was per
formed to obsen'e changes in c)'tokine gene expres
sion after thoracic surger}' and to determine whether 
the occurrence o f postoperative HAP is related to 
characteristic expression of c>tokines, which are criti
cal mediators of the immune response.

M a t e r i a l s  a n d  M e t h o d s

Fatients

Sixty patients schc'diik'd for lung resection surgery’ for non- 
infcctivc pathology were consented for inclusion. O ur institu 
tional ethical review connnittee approved this study. Patients 
with m \ '  infection, taking cytotoxic drugs, o r receiving long-term 
or;il steroid therapy were excluded. Patients were examined daily 
for clinical evidence of HAP. Patients were diagnosed as having an 
H.'VP based on the Centers for Disease Control and Prevention 
definition.*" Treatm ent decisions for iill study participants were 
made hy the attending physician. Antimicrobial prophylaxis was 
provided for 24 h after surgerv as per institutional protocol.
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2010 ,

Affiliations: From the Departm ent of Anaesthesia and Intensive 
C are M edicine (D rs W hite, M artin-Loeches, O 'D wyer, and 
Hyan), and the Departm ent of Cardiothoraeic Surger)'(D r Young), 
St James Hospital, Dublin, Ireland; D epartm ent o f Clinical Medi
cine (D rs W hite, Lawless, Kellcher, and M cM anus), and the 
D epartm ent of Immunologv' (Dr Doherty), Institute o f Molecular 
Medicine, Trinity College Dublin, Dublin, Ireland; and the Criti
cal Care D epartm ent (D r Martin-Loeches), Joan XXIII Univer
sity’ Hospital, University Hovira i Virgih, IISPV, CIBEH Enferm e- 
dades Hcspiratorias (CIBEHes) Tarragona, Spain. 
Funding/Support: This study was funded by the Royal City of 
Dublin HospitiJ Trust Fund and the Association of Anaesthetists 
of Great Britain and Ireland.
Correspondence to: Marv'Wliite, MB, Department of Anaesthesia 
and Criticiil Care Medicine, St. James Hospital, DubUn 8, Ireland; 
e-mail: drmbwliite@yalioo.co.uk
© 2011 Am erican C ollege o f Chest Physicians. Reproduction 
of this article is prohibited without written permission from the 
American College of Chest Physicians (http:/Av\vw.chestpubs.org/ 
site/misc/reprints.xhtml).
DOI: 10 .1378/chest.l0 -0016

!

! www.chestpubs.org
I

Blood Sampling

Bl(X)d sampling was carried out 24 h before and 24 h and 5 days 
after surger)'. The peripheral blood leukoc)’tes (PBLs) were iso
lated by density g radient centrifugation o f supernatan t using 
Lv'inphoprep (Nyeomed Pharma; Oslo, Norway). Cells were lysed 
and stored at — 80°C until RNA extraction. Serinn was obtained 
from whole blood clotted for 30 min.

Total RNA Extraction and Reverse Transcription

RNA was isolated from lysed PBLs using a commercially avail
able kit (Qiagen; W est Sussex, England) following m anufacturer’s 
instructions. To avoid amplification of contam inating genomic 
DNA, all samples were treated  with RNase-free DNase (Qiagen) 
for 15 min. The quantity and purity' o f extracted RNA was mea
sured with a spec tropho tom eter (E pp cn d o rf BioPhotom eter; 
Eppcndorf AG; Hamburg, Germany).

Total RNA was reverse transcribed as follows: 11.1.5 |jlL water 
containing 500 ng of total RNA was first incubated at 65°C for 
10 min. Then 18.85 [xL of the reverse transcription mix contain
ing the following components was added: (1 )3  (xL 0.1 M ditfiio- 
threitol; (2) 4.5 |jlL dimethyl sulfoxide; (3) 2 ĵlL 100 jj.M random 
primers (Invitrogen Corp; Carlsbad, California); (4) 1.25 |jlL molo- 
ney m urine leukem ia virus rev'erse transcrip tase (Invitrogen 
Corp); (5) 6 |jlL 5X first strand buffer (Invitrogen Corp); (6) 1.5 p,L 
4 mM deoxyiiucleotide triphosphate mix (Promega Corp; Madison, 
W'i.sconsin); and (7) 0.6 |j.Ij RNasin (Promega Corp) 10 U /(iL. The 
samples were then incubated at 37°C for 1 h and stored at -2 0 °C .

Primers and Frohes

Primer and probes used in tliis study were syntlie.sized at Applied 
Bios^-stems (Foster Cit); California). 11^27 (Hs00377366_ml), TN F-a 
(H s00174128_m l), and lL-10 (H s001740S6_m l) prim ers and 
prol)cs w ere ob tained  as a p recustom ized mix. 3-actin , IL-6, 
IL-23, IFN -7 , and IL-12p35 prim ers and probes w ere custom 
ized as per Stordeur et al."

Real-Time Fohjmerase Chain Reaction

Polymerase chain reaction (PCR) was carried out in an ABI 
Prism 7000 (Applied Biosystems). Reactions were perform ed in 
triplicate. Therniocycling was carried out in a 20 |ji.L final volume 
containing: (1) w ater up to 20 jj.L; (2) 10 jj.L M astennix (Applied 
Biosystems); (3) 300, 600, or 900 uM forward and reverse primers; 
(4) 200 uM Taqm an Probe (Applied Biosystems; W arrington, 
England) or 1 jjlL o f precustomized primer/probe mix with default 
p r iT u e r  and probe concentrations; (5) 0.8 (xL standard dilution or 
2.4 |jlL complementary DNA (cDNA). After an initial denaturation 
step at 95°C for 10 min, temperature cycling vv'as initiated. Each 
cycle consisted of 95°C for 15 s and 60°C for 60 s, the  fluores
cence being read at the end of this second step. In total, 40 cycles 
were performed.

Standard Curves and Expression o f  the Results

DNA standards consisted  of a cloned PCR p ro d u c t that 
included the quantified amplicon prepared by PCR from a cDNA 
population containing the target inRNA. In o rd er to quantify 
transcript levels a standard cun-e was constructed for each selected 
uiRNA target from 10-fold serial dilutions o f the relevant stan
dard. All standard curves showed correlation coefficients >  0.99.

The efficiency of the standard curv'es for all target cDNA was 
>  96%. The mRNA cop)’ num bers were then calculated for eacii 
patient sample using the standard c u n e  to convert the obtained 
crossing threshold value into mRNA copy num bers. Results were 
then expressed in absolute copy num bers after norm alization
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against |3-actin m RN A  (m HNA copy num bers o f  c^'toldnc m HNA 
p e r  10 m illion P -actin). T h e  efficiency o f  the  standard  curv'cs for 
all ta rg e t cD N A  was >  96% . T h e  mHNA copy num bers w ere  cal
cu la ted  for each  p a tien t sam ple using the  standard  c u n 'c  to co n 
v e r t th e  o b ta in e d  cro ss in g  tlire sh o ld  value in to  m R N A  copy 
n u m b ers. R esults w ere  expressed  in absolute copy num bers after 
norm alization  against P -actin  m HNA (mRNA copy num bers p e r  
10 m illion (B-actin m RN A  copy num bers).

C y to k in e  E n zym e-L in ked  Im m unosorben t Assay

S erum  lL -6 , IL-23, and  IF N - 7  concentrations w ere  m easured  
by enzyniic-linked im m unosorben t assay (ELISA) (R& D Systems; 
O xfordshire, E ngland) follow ing m anufactu re r’s instructions. T h e  
lo w er h m it o f d e te c tio n  fo r lL - 6  was 1.68 pg /m L , IL -23  was 
3 .59  pg /m L , and  IF N - 7  was 6.59 pg/m L. All sam ples w ere tes ted  
in trip licate .

Sta tistica l A nalysis

D isc re te  variables w ere  expressed  as counts (%) and co n tin u 
ous \  ariablcs as m ean and  SD , unless sta ted  otherw ise; all statisti- 
Ciil tests w ere  tw o-sided  w ith  F values <  .05 considered  significant. 
D ifferences in categorical \a r iab le s  w ere calculated  using two- 
sided  likelihood ratio  test o r  F isher exact test, and  th e  M ann- 
W’h itney  U test o r Kruskal-W 'allis test w ere used  for continuous 
variables, w hen  ap p rop ria te . T h e  significance level o f  univariate 
analyses are rep o rted  w ithou t correction  for nuiltiple com pari
sons. T h e  relation  b e tw een  nonparam etric  contim ious variables 
w as an a ly zed  usin g  S p ea rm an  ran k  co rre la tio n . D a ta  analysis 
was p e rfo rm e d  using  th e  JM P  statistical package (S.AS Insitu te; 
Cary, N orth  CaroUna).

R k s u l t s

In this study, 19 of 60 patients with a thoracotom y 
developed HAP day 2 to day 5 postsurger)'. Patient 
dem ographics, indication for surgeiy, and p reopera
tive piihiionar)' dysfunction were similar in patients 
with HAP and non-H A P groups (Table 1). All patients 
w ere extuhated at the end of surgery' in the operating 
room and transferred  to the postanesthesia recover)’ 
area. T he duration of surgeiy and duration of one- 
lung ventilation are listed in Table 1.

Preoperative c)i:okine mRNA levels in PBLs w ere 
sim ilar in p a tien ts  in HA P and non-H A P groups 
(Table 2). On the first postoperative day, IL-23 mRNA 
levels w ere significantly lower in PBLs in HAP com 
pared with non-H A P groups (Table 2). On the fifth 
postoperative day, the HAP group had lower levels of 
IF N -7 mRNA (Table 2). C)'tokine mRNA levels on 
the first postoperative day w ere com pared with p re 
operative values by cdculating a ratio of preoperative 
to postoperative levels (ie, preoperative levels divided 
by postoperative levels), such that a ratio >  1 rep re 
sents a perioperative decrease in respective cytokine 
mRNA. W hen cytokine mRNA levels on the first 
postoperative day w'ere com pared with preoperative 
baseline cytokine mRNA levels, a greater periopera
tive decrease in IL-23 mRNA (P =  .0006) an d T N F -a  
mRNA (P =  .0044) w'as noted in patients with HAP. 
T h ere  was no relation betw 'een the occurrence of
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T able 1— P atien t D em ographic D ata

Characteristic
Postoperative

N on-IIAP
Postoperative

IIAP P Value

Gender, M (F), No. 29(12) 13(6) .8 6

Age. y 64.5 ±  1.34 63.7 ±  1.9 .74
BM l, kg/ni2 25.9 ±0 .9 2 27.65 ±  1..35 .29
Kamofsky index score. 90.24 ±  1.17 88.95 ±  1.72 ..54

mean ±  SD
NSCLC 24 (58) 8(47) .82
C urrently smoking 16 (39) 8(42)
Recent cessation 15 (36) 8(42)
Nonsmoker 10(24) 3(16) .18
Cardiovascular 14 (34) 7(37) ..57

comorbidity
Preoperativc FEV,, % 82.12 ± 2 .2 8 82.34 ±  3.36 .95
Type of operation, No.

Lobectomy 39 14
Pneum onectom y 2 5 .03

Neoadjuvant 5 (12.2) 2(10.5) .96
chem otherapy

Perioperative 41 ( 1 0 0 ) 19(100) ns
antiniicrobiiJ cover

Anesthesia tim e, min 233.0 ± 4 0 238.6 ±  52 .51
One-lung ventilation 85.5 ±  14.9 88.0 ± 9 .6 .19

time, min
Postoperative P P \’ No, 2 1 ns

N’alues given as m ean ±  SD or No. {%) unless otherw ise indicated. 
1'  = fem ale; II.AP =  hospital-acquired  pneum onia; M =  male; non- 
II.AP = absence of hospitiJ-acquired pneum onia; ns =  not significant; 
NSCLC =  non-small cell lung c"dnccr; P P \' =  positive pressure ventilation.

HAP and perioperative change in cytokine m RNA on 
day 5 (Table 3). W hen  analyzing these  changes in 
cytokine mRNA, allowing for m ultiple comparisons 
o f seven cytokine changes at two tim e po in ts, w ith 
14 comparisons, the perioperative changes in IL-23 on 
day 1 a fte r surger)' w ould still re ta in  significance, 
w hereas the  perioperative change in T N F -a  oil day 1 
after surgery w ould be of borderline significance.

On the  first p o sto p era tiv e  day, IL -23  mRNA 
decreased  co m p ared  w ith  p reo p era tiv e  values in 
34 patients; 18 o f these 34 patients developed HAP, 
w'hereas none of the o ther patients developed HAP 
( P = . 00002). A p a tien t w ith a decrease  in IL -23 
mRNA on the first day after surgery had a 2.4-fold 
(95% C l, 1.7-3.6) relative risk of developing HAP. 
Likewise, on the first postoperative day, T N F -a  mRNA 
d ecreased  co m p ared  w ith p reo p era tiv e  values in 
26 patients; 13 of these 26 patients developed HAP, 
w hereas five o f the rem aining 33 patients developed 
HAl^ (P =  .005). Patients with a perioperative decrease 
in T N F -a  mRNA had a 2.7-fold (95% C l, 1.3-3.9) 
relative risk o f developing HAP. N ineteen  patients 
had com bined decrease in IL-23 and T N F  mRNA, 
and 13 of these developed HAP, w hereas only five of 
the o ther 38 patients developed HAP (P < .0 0 0 1 ). 
Patients with com bined decrease in cytokine mRNA 
had a 4.7-fold (95% Cl, 2.1-10.3) relative risk of devel
oping HAP. Again, allowing for m ultiple comparisons
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T ab le  2— C ytok ine  m K N A  Levels

Cytokine

24 h Before Surgery Day I Day 5
1

Non-IIAP
1

IIAP
1

Non-IIAP
1

IIAP
1

Non-IIAP
1

IIAP

No. 41 19 41 19 41 19
IL - 6 3.27 (2.44-4.58) 3,16(1,58-4.97) 2.84 (2.12-3.98) 2.73(1.38-4.33) 3.10(1.97-4.80) 3.03 (2.27-4.77)
No. 41 19 41 19 33 15
IL-10 2.75 (1.90-3.53) 2.86 (2.68-3.43) 3.31 (2.38-4.03) 3.51 (2.67-4.25) 3.09(1.84-3.47) 3.27 (2.26-3.74)
No. 38 19 39 19 37 15
IL-I2p35 4.08 (3.74-4.67) 4.03 (3.68-4.77) 4.0 (3.60-4.69) 3.88 (3.2S-4..52) 3.94(3.52-4.61) 3.95 (3.64-4.62)
No. 40 19 39 18 35 17
IL-23pI9 4.55(3.30-5.19) 4.70(4.16-5.12) 4.50 (3.85-5.32) 4.19(3.90-4,71)* 4.57 (3.65-5.25) 4.5 (3.55-5.60)
No. 40 19 39 18 39 15
IL-27p2S 2.56(1.19-3.0) 2.60(2.16-2.81) 2.49(1.48-3.09) 2.47 (2.00-2.79) 2.40 (1.51-2.82) 2.45 (1.88-3.02)
No. 37 18 40 17 37 14
T N F -a 4.77 (3.70-5.87) 4.69 (3.70-5.88) 4.62 (3.86-6.10) 4.61 (3.47-5.42) 4.76 (3.95-5.89) 4.9 (4.10-5.48)
No. 41 19 41 18 38 17
IF N - 7 2.80(2.17-3.37) 2.95 (2.03-3.47) 2.53(2.10-3..58) 2,.52 (1.45-3.20) 2.81 (2.10-3.26) 2.48(1.20-3.2)'’
No. 38 17 40 18 35 15

Cytokine niRNA levels before surgery and on days 1 and 5 after surgery. IL-6 , IL-10, IL-12p35, IL-23, IL-27, T N F -a , IF N - 7  are expressed as log 
to base 10 copy num bers o f cytokine niRNA per 10 million (3-aetin niRNA copy numbers. No. denotes num ber o f patients in each group. Values 
represented as medians, with centiles l0%-90% in parentheses. Between-groups analysis is by Wilcoxon rank sum test. Il-'N- 7  =  interferon-7 ; 
mRNA =  m essenger RNA; T N K -a =  tum or necrosis faetor-a. See Table 1 legend for expansion of o ther abbreviations.
•P =  .02 fo rIIA P v sn o n -IIA P ,
I’P =  .03 for IIAP vs non IIAP.

of changes for se \’en c)toldnes, the level o f  signifi
cance remains valid.

W'hen c)1:okine niRNA levels on the fifth postopera
tive day were compared with preoperative v alues, the 
reduction in IF’N-^ expression was greater in patients 
w'ho developed HAP (n =  13; median, 2,4; I0th-90th  
centile, 0,4-66,5) than the non-IIAP group (n =  32; 
m edian, 1,04; 10th-90th  cen tile , 0 .3 -0 ,8 ; P =  .05), 
However, this change would not retain statistical sig
nificance after allowing for multiple comparisons,

HAP was observ'ed with greater frequency after 
pneum onectom y. There was no association betw een  
a d ecrease in H j-23 m RNA, e ith er as an absolute  
value or as a category, and pneum onectom y. In a 
m ultivariate analysis o f  the relation b etw een  HAP  
and tjqie o f  surger)' and perioperative ch ange in 
IL-23, both pneum onectom y (P =  ,02) and decrease 
in IL-23 (P =  ,005) rem;iined independent risk fac
tors for HAP,

C ytokine Protein M easurement hij ELISA

C)’tokine protein m easurem ent by ELISA on IL-6 , 
IL -23, and I F N -7  in both groups was carried out 
preoperatively and on days 1 and 5 postoperatively  
(Table 4). There was no d ifference in protein expres
sion b etw een  H A P and n on-H A P  groups and no  
correlation between cytokine gene a:id protein expres
sion, W hen c)’tokine protein levels on the first post
operative day w ere com pared  w ith  p reoperative  
values, there was no relation betw een the occurrence 
o f HAP and perioperative change in cytokine protein  
expression on day 1 (Table 5),

D i s c u s s i o n

In this study, cy tok in e g en e  exp ression  was 
altered  im m ed iate ly  after surgery in p atients w ho  
su b seq u en tly  d ev elo p ed  H AP, T horacic surgery is

T ab le  3— P erioperative C hanges in  C y to k in e  m R N A  on the F irst D ay A fte r  Surgery

Cytokine mRNA IIAP Non-IIAP Relative Risk P  Value

No. 18 39
IL-23 2.84 (1..39-7.95) 0.83(0.1-6.92) .0006
Decrease in IL-23 18/18(100%) 16/39(41%) 2.4 (1.7-3.6) <  .0 0 0 1

No. 18 41
T N F-a 1.63(0.24-18.6) 0.79 (0.15-3.67) .004
Decrease in T N F-a 13/18(72%) 13/41 (32%) 2.3(1..3-39) .005
Decrease IL-23, T N F -a 13/18(72%) 6/39(15% ) 4.7(2.1-10.3) < . 0 0 0 1

D ata represent the ratio of preoperative mRNA to postoperative mRNA (the prcoperative viJue divided by the postoperative value). Values arc 
given as median and 10th to 90th centile range. Com parison is by W’ilcoxon rank sum test. Categoric data are presented  as percentage in parentheses, 
with comparison by I’isher exact test. Relative risk refers to the relative risk for HAP in patients with a perioperative decrease in cytokine mRNA. 
No. denotes num ber of patients in each group. See Table 1 and 2 legends for expansion of abbreviations.
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Table 4— C ytokine Protein Levels by ELISA  
Days 0, 1, and 5

Cytokine 
Protein Level, 
pg/mL Non-llAP (n = 36) IIAP(n = 17) P  \';ilue

IL-6
Day 0 54.73 (38.76-286.49) 69.42 (26.43-286.55) .61
Day 1 59..59 (14.35-221.37) 56.02 (13.17-238.56) .52
Day 5 49.84 (7.34-302.12) 94.09(2.71-1.58.44) .52

IL-23
Day 0 83.67 (23.56-486.30) 92.95 (18.67-364.88) .78
Day 1 78.41 (11.67-366.66) 87.09(11.45-831.17) .54
Day 5 79.96 (39.67-359.34) 91.63(9.0.3-599.11) .34

IKN-7
Day 0 27.55(10.09-67.44) 23.11 (15.62-41.48) .26
Day 1 21.85 (12.06-51..58) 22.56(12.91-35.88) .63
Day 5 21.41 (17.41-29.02) 22.03 (14.20-39.02) .95

Cytokine protein levels in thoracic study groups on days 0, 1, and 5 
postsurgery. Values are median and interquartile range. Bet\veen- 
group comparisons is by Wilcmon rank sum test. See Table 1 and 2 
legends for expansion of abbreviations.

generally elective surgery', on a sterile body cavity', in 
patients \vitli a defined disease process, with no infec
tion at the time of snrgeiy, and with a significant inci
dence of HAP w th in  the first week after snrger)-. 
T herefore, it provides an in teresting model o f  the 
onset o f infection after snrger)'.

IF N - 7  is produced by natural killer cells and the 
C D 4 T hlcells and w ith TNF-ot is pivotal in the gen
eration of a robust bactericidal phagocytic response 
to in f e c t io n . '2  T here is am ple e'vadence that these two 
cytokines are essential for im m une com petence. In 
tliis regard, humans deficient in IF N - 7  develop recur
ring gram-negative infections,'-’’ and carriage of poly
m orphic IF N - 7  receptor alleles has been linked to 
greater risk for TB infection.’̂  Animal models o f sep
sis d em onstra te  the  cen tra l role of IF N - 7  in the 
im m une response to sepsis.’’ Pharmacologic T N F -a  
antagonism is associated w th  increased susceptibilit)' 
to opportunistic infection'*’ and prior attempts to treat 
septic shock wdth a T N F -a  antagonist have proven 
harmful.*' L)TOphoc)'te T N F -a  production is a tten u 
ated in families o f patients who succum b to m en in 
gococcal in fec tio n ,”’ and  p e rs is ten t sep tic  shock is 
associated with decreased IF N - 7  and T N F -a  gene 
expression in PBLs." Thus, there is a physiologic basis 
for the link betw een the occurrence of infection and 
deficient T N F -a  and IF N -7 .

M em bers of the IL-12 family o f c}tokines, which 
includes IL-23 and IL-27, are m aster regulators of 
the im m une response to infection." IL-12, the proto- 
t)pic c)'toldne in this family, is produced by antigen- 
presenting cells and prom otes IF N - 7  production by 
botli natural killer cells and CD4 cells.’** In this study, 
there was no relation betw een IL-12 gene expression 
in PBLs and the occurrence of infection, w hereas
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Table 5—Relative Change in C ytokine Protein by  
ELISA  in the First 24 h A fter Surgery

Cytokine Non-HAP (n =  36) IIA P (n=17)

IL-6 0.99 (0.73-1.29) 1.03(0.65-2.17)
IL-23 0.87 (0.11-1.47) 1.03 (0.44-9.57)
IFN-7 1.09 (0.57-1.60) 1.10(0.43-1.32)

Data represent the ratio of preoperative protein to postoperative 
protein (the preoperative value divided by the postoperative value). 
All values are given as median and 10th to 90th centile range. P  was 
not significant. Comparison is by Wilcoxon rank sum test. See Table 1 
and 2 legends for expansion of abbreviations.

there  was a clear relation betw een the occurrence of 
infection and a reduction in IL-23 gene expression. 
These results are in accordance with studies by this 
group , w hich investigated  gene expression o f the  
IL-12 family o f cytokines in patients with severe sep
sis.' Altliough in viho studies have reported that IL-12 
is an im portant regulator of IF N - 7  gene expression, 
there  was no correlation betw een IL-12 and IF N - 7  

gene expression in this study.
In contrast to IL-12, deficient expression of IL-23 

in PBLs is associated with the occurrence of infection 
in this study and with the occurrence o f sepsis and 
adverse outcom e in sepsis.® IL-23 is a pleiotropic 
c^'toldne, which acts on many cell lines, including mac
rophages and CD 4 c e l ls .T h e  importance of IL-23 in 
genera ting  an appropriate  bactericidal response to 
infection was anal)'zed in IL-23-deficient mice; it was 
apparent that IL-23 deficiency increases mortality' in 
an animal model of pneumonia, and this effect may in 
turn  be related to deficient IL-17 production.^' How
ever, an alternate animal model indicated that IL-17 
might be of prim aiy importance in generating an ade
quate host response to infection in the absence of 
adequate IF N -7 .2 2  In this study there  was a significant 
correlation betw een T N F -a  and IL-23 gene expres
sion. Thus, it is apparent from these collective hum an 
studies of PBL gene expression that the IL-23/TN F-a 
axis is o f considerable im portance in the initiation of 
the hum an protective immmie response to infection.

In th is study, th e  p ro to ty p ic  an tiin flam m ato ry  
cytokine IL - 1 0  w'as not linked w ith the occurrence 
o f  infection , w hereas the  novel antiinflam m atory  
cytokine IL-27 decreased in patients who developed 
HAP. T he association betw een IL-27 and IL-10 has 
been previously desciibed  in a laboratory m odel that 
defined IL-27 as a regulator o f IL-10.“

Thus, in these postoperative patients the onset of 
infection was linked to a deficiency in the expression 
o f genes encoding proinflammatoiy' proteins that are 
invoK'ed hi generating a bactericidtxl response to infec
tion, ra th e r  than  a p red o m in an t an tiin fiam m ato iy  
response. These data differ from those of other stud
ies that reported  an excess antiinflammatory c)toldne
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response  in patien ts with established infection and 
s e p s i s , T h e  discordance betw een these findings 
m ay be  explained by m ethodologic  d ifference; in 
c o n tra s t to p rio r stud ies, the  p re se n t study  te s ted  
hum an cytokine response at the  tim e of the onset of 
clinical infection rather than in patients with estab
lished infection. By inference, these  results suggest 
that the w ell-described antiinflammator)' response in 
infection and sepsis, although im portant, may not be a 
prim ar)' or causal event.^'

In this and other studies of cytokine gene expression 
in patients with sepsis diere was little or no correlation 
betw een niRNA and protein levels.” This discordance 
in assay results may be related to post-transcriptional 
regu la tion  o f gene expression o r a lternatively  may 
reflect differential gene expression in disparate cell 
populations. Thus, the results o f assays of cytokine pro
teins produced predominantl)' by pol)nnoqihs, endothe
lial cells, and  hepatocy tes may be d isco rdan t w ith 
assays of c)1:okine gene expression in PBL.2‘> Although 
assays of c)1:okine gene expression in specific cell sub
groups, such as PEL, may not reflect the global inflam
matory' response to  in fection , PBLs are im portan t 
im m une regulator\' cells, and in sepsis, PBLs exhibit 
distinct patterns of gene expression in toll receptor- 
associated signaling pathways that are dif ferent from 
those of polvinoiphs.^*^ However, the predom inance of 
polvinor|ohs in the whole blood o f patients with sepsis 
may obscure the sip^iiificance of gene expression in the 
im m une regulator^’ cells included in the buffy coat 
layer. Fm 1:her work is required to confinn the cellular 
source of IL-23, T N F -a , and IF N -7  within the buff)- 
coat layer and to identify' the cellular site of action of 
IIj-23 in these cells.

T he extent of tissue traum a obviously has a con
siderable effect on the infiammatory and im m une 
response to surgeiy, and this effect may be m ediated 
via cell surface recep to rs such as the  toll family of 
receptors.®” H ow ever, in this study  the  m ajority  o f 
patients had seemingly uneventful surgeiy, with rela
tively b rief duration o f one-lung ventilation, and were 
extubated in the operating room. Yet, there was consid
erable variation in the cytokine gene transcription in 
response to surgeiy, and this variation was linked with 
a propensit)' to dev'elop postoperative respiratory tract 
infection. Thus it is plausible that there is an underly
ing factor that modified c)'toldne gene transcription 
after surgeiy. The m echanism for the indi\idual vari
ability' in c)i:okine gene transcription is not addressed 
in this study and will require further investigation.

The present study has several potential limitations 
that should be addressed. T here  is no gold standard 
definition of HAP and the diagnosis rem ains contro
versial. Clinical diagnosis o f pneum onia is sensitive 
bu t no t specific. Invasive d iagnostic stra teg ies for 
HAP generally use bronchoscopy to obtain quantita-

www.chestpubs.org

tive cultures. Although m ore specific, bronchoscopic 
diagnosis is invasive and is not routine practice in our 
institu tion  for postopera tive  thoraco tom y patien ts. 
W e used the C en ters for D isease C ontrol N ational 
Nosocomial Infection Surveillance pneum onia flow 
d ia g ra m ,a s  this algorithm incorporates both  clinical 
and microbiologic data.

T he sim ple  a lgorithm s based  on cy tokine gene 
expression, characterizing patients at high risk for 
postoperative HAP, may potentially be o f use in iden
tifying patients at high risk for developing HAP and 
initiating therapy  with antim icrobial agents in a p re 
em ptive m anner. This individualized approach  to 
preven ting  postopera tive  H AP w ould rep re sen t a 
significant change from curren t practice, w hich con
sists o f treating patients by protocol with an array of 
interv 'entions, w hich p resen tly  alm ost exclusively 
consist o f physical interv'entions, such as chest phys
iotherapy or incentive spirom etr)’, and which are of 
dubious merit.®' If  this concept proved to be valid 
then it m ight be possible to significantly reduce the 
nosocom ial in fection  ra te  after thoracotom y, and 
indeed after o ther m ajor surgeries. F u rth e r study is 
required to validate this concept.

In conclusion, this study suggests a link betw een 
postopera tive  H A P and  changes in cy tokine gene 
expression that may occur before the clinical onset o f 
pneum onias. Simple algorithms based on cy’tokine 
gei\c expression may potentially be of use in identify
ing patients at high risk for developing nosocomial 
respirator)' infection and initiating therapy with anti
microbial agents promptly.
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Appendix 9

Hospital-acquired pneumonia after lung resection surgery is associated with 
characteristic cytokine gene expression.

Mary White, Ignacio Martin-Loeches, Matthew W Lawless, Michael J O ’Dwyer, Derek G 
Doherty, Vincent Young, Dermot Kelleher, Ross McManus and Thomas Ryan.

Chest 2011; 139;626-632.
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Appendix 10
SJH /  AMNCH RESEARCH ETHICS COMMITTEE 

Patient Information and Consent

Title of study:

A study o f gene expression of messenger ribonucleic acid in patients with 
sepsis syndrome.

2. Introduction:
This study aims to examine the response of an individual’s immune system to infection 
and sepsis syndrome.
A person v\/ho agrees to take part in this study will be asked to give one or two blood 
samples. While you are in hospital you will be questioned regarding your well being by a 
doctor involved in the study.

3.Procedures:
Patients diagnosed as having a gram-negative infection or patients with sepsis 
syndrome will be asked to take part in this study, and to give 1 or 2 blood samples. In 
addition they will be asked to give information regarding their health record, and to allow 
a member of the research group to review their medical notes.

4.Benefits:
There is no evidence that taking part in this study will have any effect on your care, 
apart from the overall increase in supervision linked with participation in any study. 
However the results of this study may help to guide the care of future patients and so 
may benefit others.

5.Risks:
There are no risks associated with this study. Participants will be required to donate an 
extra 20 mis of blood either via venipuncture within 24 hours of being diagnosed as 
having a gram-negative infection or through an indwelling vascular catheter in sepsis 
patients day 1post diagnosis of sepsis or day 7 post diagnosis of sepsis

6.Exclusion from participation:
Patients who are immunosuppressed are excluded from participanting in this study, e.g. 
long-term corticosteroid therapy or on chemotherapy drugs.

7.Alternative treatment:
You do not have to be a part of this study to be treated fully by your clinical team.

8. Confidentiality:
Your identity will remain confidential. Your name will not be published and will not be 
disclosed to anyone outside the hospital. All data collected will be anonymised.
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9. Compensation:
Your doctors are covered by standard medical malpractice insurance. Nothing in this 
document restricts or curtails your rights.

10. Voluntary Participation:
You have volunteered to participate in this study. You may quit at any time. If you 
decide not to participate, or if you quit, you will not be penalised and will not give up any 
benefits which you had before entering the study.

11. Stopping the study:
You understand that your doctor may stop your participation in the study at any time 
without your consent.

12. Permission:
This study has hospital Research Ethics Committee approval.

13.Further information:
You can get more information or answers to your questions about the study, your 
participation in the study, and your rights, from Dr Mary White who can be telephoned at 
087 4175597. If your doctor learns of important new information that might affect your 
desire to remain in the study, he or she will tell you.
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SJH /  AMNCH RESEARCH ETHICS COMMITTEE.

CONSENT FORM 
Title of research study:

A study of gene expression of messenger ribonucleic acid in patients wi:h 
sepsis syndrome

This study and this consent form have been explained to me. My doctor has ansvered 
all my questions to my satisfaction. I believe I understand what will happen if I agrae to 
be part of this study.

I have read, or had read to me, this consent form. I have had the opportunity to ask 
questions and all my questions have been answered to my satisfaction. I freely and 
voluntarily agree to be part of this research study, though without prejudice to my legal 
and ethical rights. I have received a copy of this agreement and I understand that, if 
there is a sponsoring company, a signed copy will be sent to that sponsor.
Name of sponsor:

PARTICIPANT’S NAME:

PARTICIPANT’S SIGNATURE:

Date:

Date on which the participant was first furnished with this form:

Where the participant is incapable of comprehending the nature, significance and scope of the CDnsent 
required, the form must be signed by a person competent to give consent to his or her participatior in the 
research study (other than a person who applied to undertake or conduct the study). If the subject is a 
minor (under 18 years old) the signature of parent or guardian must be obtained;

NAME OF CONSENTOR, PARENT or GUARDIAN:

SIGNATURE:

RELATION TO PARTICIPANT:

Where the participant is capable of comprehending the nature, significance and scope of the consent 
required, but is physically unable to sign written consent, signatures of two witnesses presen: when 
consent was given by the participant to a registered medical practitioner treating him or her for the ilness.

NAME OF FIRST WITNESS: SIGNATURE:
NAME OF SECOND WITNESS: SIGNATURE:

Statement of investigator’s responsibility: 1 have explained the nature, purpose, 
procedures, benefits, risks of, or alternatives to, this research study. I have offered to 
answer any questions and fully answered such questions. I believe that the participant 
understands my explanation and has freely given informed consent.

Physician’s signature:
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Date:

(Keep the original of this form in the participant’s medical record, give one copy to the participant, keep 
one copy in the investigator’s records.
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Appendix 11
SJH /  AMNCH RESEARCH ETHICS COMMITTEE 

Patient Information and Consent

Title of study:

What peri-operative changes in cytokine gene expression in peripheral 
blood mononuclear cells occur after thoracic surgery and are these changes 
linked w ith post-operative pneumonia?

2. Introduction:
This study aims to examine the response of an individual’s immune system to surgery, 
and to see if certain immune response might occur in patients who develop pneumonia 
after surgery. A person who agrees to take part in this study will be asked to give two or 
three blood samples, and to allow additional physical examination of your chest after 
surgery. While you are in hospital you will be questioned regarding your well being by a 
doctor involved in the study.

3.Procedures:
Patients having chest surgery will be asked to take part in this study, and to give 2 or 3 
blood samples. In addition they will be asked to give information regarding their health 
record, and to allow a member of the research group to review their medical notes and 
chest X ray after surgery.

4.Benefits:
There is no evidence that taking part in this study will have any effect on your care, 
apart from the overall increase in supervision linked with participation in any study. 
However the results of this study may help to guide the care of future patients and so 
may benefit others.

5.Risks:
There are no risks associated with this study. Participants will be required to donate an 
extra 20 mis of blood via venipuncture day 1 before their operation and again day 1 and 
day 5 post surgery.

6.Exclusion from participation:
There are no special reasons why any individual should not take part in this study.

7.Alternative treatment:
You do not have to be a part of this study to be treated fully by your clinical team.

8. Confidentiality:
Your identity will remain confidential. Your name will not be published and will not be 
disclosed to anyone outside the hospital. All data collected will be anonymised.
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9. Compensation:
Your doctors are covered by standard medical malpractice insurance. Nothing in this 
document restricts or curtails your rights.

10. Voluntary Participation:
You have volunteered to participate in this study. You may quit at any time. If you 
decide not to participate, or if you quit, you will not be penalised and will not give up any 
benefits which you had before entering the study.

11. Stopping the study:
You understand that your doctor may stop your participation in the study at any time 
without your consent.

12. Permission:
This study has hospital Research Ethics Committee approval.

13.Further information:
You can get more information or answers to your questions about the study, your 
participation in the study, and your rights, from Dr Mary White who can be telephoned at 
087 4175597. If your doctor learns of important new information that might affect your 
desire to remain in the study, he or she will tell you.
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SJH/AMNCH RESEARCH ETHICS COMMITTEE.

CONSENT FORM  
Title of research study:

What peri-operative changes in cytokine gene expression in peripheral 
blood mononuclear cells occur after thoracic surgery and are these 
changes linked with post-operative pneumonia?

This study and this consent form have been explained to me. My doctor has 
answered all my questions to my satisfaction. I believe I understand what will 
happen if I agree to be part of this study.

I have read, or had read to me, this consent form, I have had the opportunity to 
ask questions and all my questions have been answered to my satisfaction. I 
freely and voluntarily agree to be part of this research study, though without 
prejudice to my legal and ethical rights. I have received a copy of this agreement 
and I understand that, if there is a sponsoring company, a signed copy will be 
sent to that sponsor.
Name of sponsor:

PARTICIPANT’S NAME:

PARTICIPANT’S SIGNATURE:

Date:

Date on which the participant was first furnished with this form:

Where the participant is incapable of comprehending the nature, significance and scope of the 
consent required, the form must be signed by a person competent to give consent to his or her 
participation in the research study (other than a person who applied to undertal<e or conduct the 
study). If the subject is a minor (under 18 years old) the signature of parent or guardian must be 
obtained:

NAME OF CONSENTOR, PARENT or GUARDIAN:

SIGNATURE:

RELATION TO PARTICIPANT:

Where the participant is capable of comprehending the nature, significance and scope of the 
consent required, but is physically unable to sign written consent, signatures of two witnesses 
present when consent was given by the participant to a registered medical practitioner treating 
him or her for the illness.

NAME OF FIRST WITNESS: SIGNATURE:
NAME OF SECOND WITNESS: SIGNATURE:

Statement of investigator’s responsibility: I have explained the nature, 
purpose, procedures, benefits, risks of, or alternatives to, this research study. I
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have offered to answer any questions and fully answered such questions. I 
believe that the participant understands my explanation and has freely given 
informed consent.

Physician’s signature:

Date;

(Keep the original of this form in the participant’s medical record, give one copy to the participant, 
keep one copy in the investigator’s records.
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TH IS N O T E PA PE R  M U ST N O T  BE U SED  FO R 
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HOSPITAL, DUBLIN
IN C O R P O R A T IN G
T H E  N A T IO N A L  C H IL D R E N 'S H O S P IT A L

SJH /A M N C H  R esearch Ethics C om m ittee  Sccrc tana t
D an Lynch 
U rsu la  R yan 
Secretaria t Fax
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The study o f  cytokine gene expression in peripheral blood m ononuclear cells 
in patients after thoracic surgery and to analyse w hether these changes are 
linked to post-operative pneum onia.

Please quote this reference in any follow  up to this letter: 2006'12/03

D ear Dr W hite,

Thank you for your recent subm ission o f  the above study to the SJH/AM NCH Joint Research 
Ethics Com m ittee. The Vice-Chairm an, on b eh a lf o f  the Committee, has reviewed your study and 
given his approval for it to com m ence 
The following docum ents have been reviewed:

•  A dm inistrative Application
•  Confidential Research Protocol

Yours sincerely,

Daniel R. Lynch,
Secretary',
SJH/AM NCH Research Ethics Com m ittee

January 2 2006
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